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(54)Titte: SPLITTERLESS MULTICARRDER MODEM 



(57) Abstract 

A modem for use in Digital Subscriber Line communications transmits and receives data over the local subscriber loop in common 
with voice information over the loop, while avoiding the need for voice/data splitters. The modem responds to disruptions associated 
with "disturbance events" such as on-hook to off-hook transitions and the like by rapidly switching between pre-stored channel parameter 
control sets defining communications over the loop under varying conditions. In addition to changing parameter control sets responsive to a 
disturbance event, the modem may also change transmission power levels and other system parameters such as frequency domain equalizer 
characteristics. Further, provisions are made for reduced bandwidth communications under selected conditions. 
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SPLITTERLESS MULTICARRBER MODEM 

Cross-reference to related applications: 

This application is based in part on the following applications filed by one or more 
of the inventors herein: 

5 U.S. Provisional Patent Application Serial No. 60/061,689, filed October 10, 1997 

by Richard Gross, John Greszcuk, Dave Krinsky, Marcos Tzannes, and Michael Tzannes 
and entitled "Splitterless Multicarrier Modulation For High Speed Data Transport Over 
telephone Wires"; 

U.S. Provifflonal Patent Application Serial No. **** filed Januaiy 16, 1998 by 
10 Bichard Gross and I^chad Tzannes and entitled "Dual Rate Multicarrier Transmission 
System In A Splitteriess Configuration"; 

U.S. Provisional Patent Application Serial No. filed January 21, 1998 by 
Richard Gross, Marcos Tzannes and Michael Tzannes and entitled "Dual Rate Multicar- 
rier Transmis^on System In A Splitteriess Configuration". 

15 U.S. Provisional Patent AppUcation Serial No. *** filed January 26, 1998 by 

Richard Gross, Marcos Tzannes and Michael Tzannes and entitled "Multicarrier Sys- 
temWith Dynamic Power Levels". 

The disclosures of these applications are incorporated by reference herein in their 
entirety. 

20 Background of the invention 
A. Field of the invention. 

The invention relates to telephone communication systems and, more particularly, 
to telephone commimication systems which utilize discrete multitone modulation to 
transmit data over digital subscriber lines. 

25 B. Prior art. 

The public switched telephone network (PSTN) provides the most widely avail- 
able form of electronic communication for most individuals and businesses. Because of its 



SUBSTITUTE SHEET (RULE 26) 



wo 99/20027 



PCTAJS98/21442 



-2- 

ready availability and the substantial cost of providing alternative facilities, it is increas- 
ingly being called upon to accommodate the expanding demands for transmission of sub- 
stantial amoimts of data at high rates. Structured originally to provide voice communica- 
tion with its consequent narrow bandi^dth requirements, the PSTN increasingly relies on 
digital systems to meet the service demand. 

A major limiting factor in the ability to implement high rate digital transmission 
has been the subscriber loop between the telephone central office (CO) and the premises 
of the subscriber. This loop most commonly comprises a single pair of twisted wires 
which are well suited to carrying low-frequency voice communications for which a 
bandwidth of 0-4 kHz is quite adequate, but which do not readily accommodate broad- 
band communications (i.e., bandwidths on the order of hundreds of kilohertz or more) 
without adopting new techniques for communication. 

One q)proach to this problem has been the development of discrete multitone 
digital subscriber line (DMT DSL) technology and its variant, discrete wavelet multitone 
digital subscriber line (DWMT DSL) technology. These and other forms of discrete 
multilone digital subscriber line technology (such as ADSL, HDSL, etc.) will commonly 
be referred to hereinafter generically as *T)SL technology"' or fi-equently simply as "DSL". 
The operation of discrete multitone systems, and their application to DSL technology, is 
discussed more fiiUy in "Multicarrier Modulation For Data Transmission: An Idea Whose 
Time Has Come.", IEEE Communications Magazine, May, 1990, pp. 5-14. 

In DSL technology, communications over the local subscriber loop between the 
central office and the subscriber premises is accomplished by modulating the data to be 
transmitted onto a multiplicity of discrete frequency carriers which are summed together 
and then transmitted over the subscriber loop. Individually, the carriers form discrete, 
non-overlapping communication subchannels of limited bandwidth; collectively, they 
form what is eflfectively a broadband communications channel. At the receiver end, the 
carriers are demodulated and the data recovered from them. 

The daU symbols that are transmitted over each subchannel carry a number of bits 
that may vary from subchannel to subchannel, dependent on the signal-to-noise ratio ^ 
(SNR ) of the subchannel. The number of bits that can accommodated under specified 
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communication conditions is known as the "bit allocation" of the subchannel, and is calcu- 
lated for each subchannel in a known manner as a fiinction of the measured SNR of the 
subchannel and the bit error rate assodated with it. 

The SNR of the respective subchannels is detennined by transmitting a reference 
signal over the various subchannels and measuring the SNR's of the received signals. The 
loading information is typically calculated at the recdving or "local" end of the subscriber 
line (e.g., at the subscriber premises, in the case of transmis^on from the central telephone 
oflSce to the subscriber, and at the central ofiBce in the case of transmission from the sub- 
scriber premises to the central office) and is communicated to the other (transmitting or 
"remote") end so that each transmitter-receiver pair in communication with each other 
uses the same information for communication. The bit allocation information is stored at 
both ends of the communication pah* link for use in defining the number of bits to be used 
on the respective subchannels in transmitting data to a particular receiver. Other subchan- 
nel parameters such as subchannel gains, time and frequency domain equalizer coeffi- 
cients, and other characteristics may also be stored to aid in defining the subchannel. 

Lifonnation may^ of course, be transmitted in either du-ection over the subscriber 
line. For many applications, such as the delivery of video, internet services, etc. to a sub- 
scriber, the required bandwidth firom central office to subscriber is many times that of the 
required bandwidth from subscriber to central office. One recentiy developed service 
providing such a capability is based on discrete muititone asymmetric distal subscriber 
line (DMT ADSL) technology. In one form of tMs service, up to two hundred and fifty 
m subchannels, each of 43 12.5 Hz bandwidUi, are devoted to downstream (from central 
office to subscriber prenuses) conmiunications, while up to thirty two subchannels, each 
also of 43 12.5 Hz bandwidth, provide upstream (from subscriber prenuses to central of- 
fice) communications. Communication is by way of "firames" of data and control informa- 
tion. In a presentiy-used form of ADSL communications, sixty right data firames and one 
synchronization frame form a "superfiiune" that is repeated throughout the transmisaon. 
The data frames carry the data that is to be transmitted; the synchronization or "sync" 
frame provides a known bit sequence that is used to synchronize the transrmtting and re- 
ceiving modems and that also facilitates detenmnation of transmisaon subchannel charac- 
teristics such as signal-to-noise ratio ("SNR"), among others. 
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Although such systems do in feet provide a significantly increased bandwidth for 
data conununications, special precautions are required to avoid interfoxnce with, and 
from, ordinary voice communications and associated signaling that may be taking place 
over the subscriber line at the same time that the broadband data is being carried. The 
signalmg activities commonly include, for ^cample, the transnusdon of ringing signals, 
busy tone. ofF-hook indications, on-hook indications, dialing signals, and the like, and the 
actions commonly accompanying them, e.g., taking the phone ofiF-hook, replacing it on- 
hook, dialing, etc. These voice commimications and thdr assodated signaling, com- 
monly referred to as "plain old telephone service" or POTS , presentiy are isolated from 
the data communications by modulating the data communications onto frequencies that 
are higher than those used for POTS ; the data communications and POTS signals are 
thereafter separately retrieved by sQ>propriate demodulation and filtering. The filters 
^ch separate the data communications and the POTS are commonly rrferred to as 
"POTS splitters". 

The voice and data communications must be separated at both the central office 
and the subscriber premises, and tiius POTS splitters must be installed at both locations. 
Installation at the central office is generally not a significant pi oblem, since a single mo- 
dmx at the central office can serve a large number of subscribers, and technicians are 
commonly available there. Installation at the customer premises is a problem. Typically, 
a trained technician must visit the premises of every subscriber who wishes to use this 
technology in order to perform the requisite installation. In connection with this, exten- 
sive rewiring may have to be done, dependent on the desired location of the ADSL de- 
vices. This is expensive and discourages the use of DSL technology on a widespread ba- 
as. 

DSL systems also experience disturbances from other data services on adjacait 
phone lines (such as ADSL, HDSL, ISDN, or Tl service). These services may commence 
after the subject ADSL service is already initiated and, mice DSL for internet access is 
envisioned as an always-on service, the eflFect of these disturt>ances must be ameliorated 
by the subject ADSL transceiver. 
Summary of the invention 
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A. Objects of the invention 

Accordingly, it is an object of the invention to provide an improved digital sub- 
scriber line communication system. 

Further,' it is an object of the invention to provide a distal subscriber line com- 
5 mimication system which is compatible with existing voice communication services and 
which does not require the use of POTS splitters. 

Another object of the invention is to provide an improved digital subscriber line 
communication ^stem that effidently handles data communications despite random inter- 
ruptions associated with concurrent carriage of voice commtmicadons or disturbances 
10 that arise from concurrent data services on adjacent phone lines. 

B. Summary description of the mvention. 

Splitter less Operation 

The invention described herein is directed to enhancing the accuracy and reliability 
of communications in systems using discrete multitone technology (DMT) to communi- 

15 ij^aie data ever distal subscriber lines (DSL) in the presence of voice communications and 
other distuitances. For simplicity of reference, the apparatus and method of the present 
invention will hereinafter be referred to collectively simply as a modem. One such modem 
is typically located at a customer premises such as a home or business and is 
"downstream** from a central office with which it communicates; the otiier is typically lo- 

20 cated at the central office and is *\ipstream" from the customer premises. Conristent with 
industry practice, the modems are often referred to herein as "ATU-RT ("ADSL Trans- 
ceiver Unit, Remote", i.e., located at the customer premises) and "ATU-C" ("ADSL 
Transcdver Unit, Central Office"). Each modem includes a transmitter section for 
transmitting data and a recdver section for receiving data, and is of the discrete multitone 

25 type, i.e., it transmits data over a multiplicity of subchannels of limited bandwidth. Typi- 
cally, the upstream or ATU-C modem transmits data to the downstream or ATU-R mo- 
dem over a first set of subchannels, commonly the higher-frequency subchannels, and re- 
ceives daU from the downstream or ATU-R modem over a second, usually smaller, set of 
subchanels, commonly the lower-frequency subchannels. 
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Heretofore, such modems have required POTS splitters when used on lines carry- 
ing both voice and data. In accordance with the present invention, we provide a data mo- 
dem for use in disCTete multitone communication systems which carry voice and data 
communications simultaneously and which operate without the special filtering provided 
by POTS splitters; they are thus "splitteriess" modems. In the absence of certain distur- 
bances, referred to herein as "disturbance events'' and discussed more fiilly hereinafter, 
the modem of our invention transmits data at a rate detennined by the transmission ca- 
pabilities of the system without regard to such disturbances. Preferably, this is the ma»- 
mum data rate that can be provided for the particular communications subchannel, subject 
to predefined constraints such as maximum bit error rate, maximum »gnal power, etc. 
that may be imposed by other considerations. On the occurrence of a disturbance event 
on the communications channel, however, the modem of the present invention detects the 
event and thereupon modifies the subsequent communication operations. Among other 
responses, the modem changes the bit allocations (and thus possibly the corresponding bit 
rate) and the subchannel gains among the subchannels, so as to limit interference with and 
firom voice communication activities or to compensate for disturbances firom other serv- 
ices or sources suffidentiy close to the subject subscriber line as to couple interfering sig- 
nals into the line. The bit allocations and subchannel gains may be altered for conmiuni- 
cations in either direction, i.e., upstream, downstream, or both. Effectively, this matches 
the subchannel capacity to the selected data rate so as to ensure that the pre-specified bit 
error rate is not exceeded. On cessation of the disturbance event, the system is returned 
to its initial, high-rate, state. 
Disturbance Events 

Of particular interest to the preset invention are disturbance events that arise 
fi-om the occurrmce of voice communication activities over the data link concurrent with 
the transmission of data over the link. These activities comprise the voice communica- 
tions themselves, or activities such as signaling associated wth such communications, to- 
getiier witii the response to such activities, such as taking a phone oflf-hook or placing it 
on-hook. Disturbance events also indude other disruptive disturbances such as interfer- 
ence fi-om adjacent phone lines caused, for example, by the presence of other DSL serv- 
ices, ISDN services, Tl services, etc. The cessation of a disturbance event may itself also 
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comprise a disturbance event. For example, the change of a voice communications device 
such as a telephone from "on-hook" to "oflF-hoold* status can seriously disrupt communi- 
cations at a modem unless compensated for as described herein or unless otherwise iso- 
lated from the modem by means of a POTS splitter as was heretofore done; it is thus a 
disturbance event that must be dealt with. However, the return of such a device to "on- 
hook" status can also significantly change the channel characteristics and is therefore also 
a disturbance event that must be dealt with. The invention described herdn efficiently ad- 
dresses these and other disturbance events. 

Channel Control Parameter Sets 

In accordance with the present invention, the change in bit allocation is accom- 
plished rapidly and efficiently by switching between stored parameter sets which contain 
one or more channel control parameters that define data communications by the modem 
over the subchannds. The parameters sets are preferably determined at the time of ini- 
tialization of the modem and stored in registers or other memory (e.g., RAM or ROM) in 
the modem itself, but may instead be stored in devices external to, and in conraiunication 
with, the modem, e.g., in personal computers, on cUsk drives etc. 

In accordance with one embodiment of this invention, the channel control parame- 
ter sets comprise at least a primary set of channel control parameters, stored in a primary 
channel control table, which defines communications in the absence of voice communica- 
tion activities or other disturbances; and one or a plurality of secondary sets of channel 
control parameters, stored in a secondary channel control table, that define data commu- 
nications responsive to one or more disturbance events. When communicating und^ 
control of the primary channel control table, the modem is described hereinafter as being 
in its "primary" state; when communicating under control of the secondary diannel con- 
trol table, the modem is described hereinafter as being in its "secondary^ state. The mo- 
dem is switched between parameter sets in its primary and secondary states responsive to 
the occurrence and cessation of disturbance events, as well as among paramet^ sets in the 
secondary table responsive to a change from one disturbance event to another. Since the 
parameter sets are pre-stored and thus need not be exchanged at the time of a disturbance 
event, the switch is made quickly, limited essentially only by the speed with which the 
disturbance event is detected and signaled to the other modem participating in the com- 
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munication, typically not more than a second or so. This greatly reduces the interruption 
in conununications that would otherwise be required by a complete rdnitialization of the 
modras that typically extends over six to ten seconds, and its assodated exchange chan- 
nel control parameters. 

As noted previously, in DSL communications, information transmission typically 
takes place in both directions, i.e. the upstream or ATU-C modem transnuts downstream 
to the ATU-R modem over a first set of subchannels, and the downstream or ATU-R mo- 
dem transmits upstream to the ATU-C modem over a second, different, set of subchan- 
nels. The transmitter and receiver at each modem, accordingly, maintain corresponding 
channel tables to be used by them in transmitting data to, and receiving data fi"om, the 
other modem with which it forms a commimications pair. Certain parameters such as 
time and frequency domain equalizer coefBcients and echo canceller coeflBcients are 
"local"* to the receiver with which they are associated, and thus need be maintained only at 
that receiver. Other parameters such as bit allocations and channel gains are shared with 
the other modem with which a given modem is in conmiunication (the "modem pair") and 
thus are stored in both modems, so that during a given communication session, the 
transmitter of one modem will use the same set of values of a shared parameiei as the re- 
ceiver of the other modem, and vice versa. 

In particular, in DSL communications, a key parameter is the nuniber of bits that 
are to be transmitted over the various subchannels. This is known as the "bit allocation" 
for the respective subchannels, and is a key element of the primary and secondary parame- 
ter sets. It is calculated in a known mann^ for each subchannel based on the channel 
SNR, the acceptable bit error rate, and the noise margin of the subchaimd. Another im- 
portant element is the gain for each of the subchaimels, and is thus preferably also in- 
cluded in the primary and secondary parameter sets. Thus, each receiver stores a primary 
channel control table and a secondary chaimei control table, each of which contuns one or 
more parameter sets that define the subchannel bit allocations to be used by it and by the 
transmitter of the other modem in communicating with it, and each transmitter also stores 
a primary channel control table and a secondary charmel control table, each of which de- 
fine the subcharmel bit allocations and gains to be used by it for transmission to the other 
receiver and for reception at that receiver. For the closest match to the actual line over 
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which they are to communicate, those portions of the primary and secondary channel 
control table at each receiver that define the parameters for use in transmitting to the par- 
ticular recdver are preferably determined at the modem at which the receiver is located 
(the "local modem**), as described herdn, but it will be understood fi-om the detailed de- 
scription herein that such tables may also be determined in other ways. 

As long as communications over the subscriber line are not impaired by a cUstur- 
bance event, the modems use the primary channel control table to define communications 
over the subchannels. When, however, a disturbance event occurs, the modem that de- 
tects the event (herein designated "the local modem"; typically, this will be the subscriber 
modem, ATU-R, particularly in cases of activation of a voice communications device by 
the subscriber) notifies the other modem of the need to change to the secondary channel 
control table, and identifies the specific bit allocation set and/or gain set in the secondary 
table when more than one such set exists. The notification procedure is described in more 
detail hereinafter. Communications thereafter continue in accordance with the appropri- 
ate parameter set (i.e., bit allocations, subchannel gains, and possibly other parameters) 
fi-om the secondary channel control table. This condition continues until a new distur- 
bance event is detected, at which time the modems revert to the primary channel control 
table (in the event the disturbance is simply the cessation of communication-cUsrupting 
disturbances or interferences) or to a different parameter set secondary channel control 
table Cm the event that the disturbance event is the occurrence of another communica- 
tion-disrupting disturbance or interference). 

In addition to changes in bit allocation among the subchannds, and changes in 
subchannel gains* fiirther changes may also be made in such communication parameters as 
time domain equalizer coefficients, firequency domain equalizer coeffidents, and the like. 
These parameters may also be stored in the channel control tables for use in controlling 
communications, or may be stored in separate tables. Additionally, changes in power 
Icvd (and corresponding changes in bit aUocation and other communication parameters ) 
for communications in either the upstream or the downsteam direction, or both, may be 
made, and sets of control parameters may be defined on these power levels as weU for use 
in controlling communications. These changes are described in fidler detdl bdow. 
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As presently contemplated, each modem on the subscribed side of the DSL line 
will commimicate with a corresponding dedicated modem on the central oflBce side. 
Thus, each central office modem (ATU-C) need store the primary and secondary tables 
for a specific subscriber only. However, efficiencies may be achieved whenever it is un- 
necessary to pro^de service to each subscriber at all times. Under these circumstances, a 
central office modem may be shared among two or more subscribers, and switched among 
them as caHed for. In such a case, the ATU-C will store or have access to a set of channel 
control tables for each subscriber modem it is to service. 

Table Initialization 

In the preferred embodiment of the invention, the primary and secondary channel 
control tables are determined in an initial "training** session ("modem initialization") in 
which known data is transmitted by one modem, measured on reception by the other, and 
the tables calculated based on these measurements. Typically, the training session occurs 
when the modem is first installed at the subscriber premises or at the central office, and 
the procedure thus "particularizes" the modem to the environment m which it will oper- 
ate. This environmcrit includes, in addition to the subject data modem, one or more voice 
communication devices such as telephone handsets, facsimile machines, and other such 
devices vrfiich communicate over a voice fi-equency subchannel, typically in the range 0-4 
KHz. A primary channel control table, comprising a parameter set including at least a set 
of subchannel bit aUocations, and preferably also subchannel gains, is calculated with each 
device inactive. A secondary channd control table comprising one or more bit conunuiu- 
cation parameter sets (bit aUocations, gains, etc.) is calculated with each voice communi- 
cation device activated separately, and/or with groups of devices activated concurrently. 
The tables so determined arc then stored at the receiver of one modem and additionally 
are communicated to the transmitter of the other modem and stored there for use by both 
modems in subsequent conmnmications. 

An alternative approach determines the secondary channel control table (inducting 
one or more parameter sets comprising the table) by calculation fi-om the primary channel 
control table. This is accomplished most simply, for example, by taking one or more of 
the parameters (e.g., the bit aUocation parameter which defines the number of bits to be 
used for communication across the respective subchannels) as a percentage, fixed or 
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varying across the subchannels, of the corresponding primary parameters; or as deter- 
mined in accordance with a percentage, fixed or varying across the subchannels, of the 
SNR's of the respective subchannels; or as determined in accordance with a different bit 
error rate than provided for in the primary channel control table; or by other techniques. 

As a spedfic example, a number of different sets of bit allocations in the secondary 
channel control table may be determined as differing percentages (fixed or varying across 
the subchannels) of the corresponding set of bit allocations in the primary diamiel control 
table. Each secondary bit allocation set corresponds to the effect conmionly produced by 
a particular device or class of devices, e.g., a telephone handset, a facsimile madiine, etc., 
as determined by repeated measurements on such devices, and thus may be taken to rep- 
resent the expected effect of that device over a range of commimication conditions, e.g., 
with a particular type of subscriber line wiring, at a given range fl-om the central office, 
etc. The subchannel gains may also then be adjusted based on the redetermined bit allo- 
cations. The bit allocations and subchannel gains so determined form new secondary pa- 
rameter sets which may be used respon^ve to detection of the disturbance events thqr 
characterize, and which substitute for determination of the secondary bit allocations and 
gains on the basis of measurements of the actual disturbances being compensated for. 

Alternatively, the secondary channel control table may be determined by adding a 
power margin to the calculations for each of the entries of the primary table of a magni- 
tude suflfidcnt to accommodate the interference firom activation of the voice communica- 
tions device or from other disturbances. This has the effect of reducing tiie constellation 
aze for the table entries. The mar^n may be vmiform across the table entries, or may vary 
across them, as may the percentage fector when that approach is used. Multiple secon- 
dary bit aUocation sets may be defined by this approach, each based on a different power 
margin. 

One example of die use of varying margins is in response to changes in crosstalk 
(capacitively coupled noise due to nearby xDSL users, where the "x" indicates the posa- 
ble varieties of DSL such as ADSL, HDSL, etc.). This crosstalk is, in general, more pre- 
dictable than signaling events assodated with voice conmiunications. The crosstalk spec- 
trum of xDSL sources is well characterized: see, for example, the T1.413 ADSL standard 
pubUshed by the American National Standards Institute. From a primary channd control 
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table associated with a single &11 initialization, a secondary table comprising a fiunily of 
bit allocation sets can be calculated, each corresponding to a diflFerent crosstalk level. As 
the number of xDSL systems (and thus crosstalk levels) changes, the ADSL link can 
quickly switch to one of these automatically generated sets. 

The secondary channel control table in the present invention may also be adapted 
dynamically, e.g., by performing measurements on the transmitted information in each su- 
perframe during data communications and monitoring these measurements to determine 
when the channel performance has sufficiently changed that a diflFerent bit allocation set, 
and possibly diflFerent gain set, should be used. We have found that the SNR provides a 
readily measurable and reliable indicator of the required bit allocations and gains. 

In particular, we have found that measurements of the SNR levels across a number 
of the subchannels during a g^ven communications condition or state provides a 
"fingerprint" which may reliably be used to quickly select a parameter set, such as the set 
of bit allocations or the set of gains, for use in subsequent communications during that 
state. These measurmients may be made, for example, on the sync frame that occurs in 
each superframe of, raorc generally, during the transmission of reference frames. When 
the SNR's change by more than a defined amount during communications, the modem at 
which tiie measurement is made searches tiie stored parameter sets for a set whose SNRs 
on the corresponding subchannels is closest to the measured SNRs, and selects that set 
for use in subsequent communications. If no parameter set is found within defined limits, 
the system may be switched to a de&ult state, or a complete reinitialization may be called 
for, corresponding to a defined pattern of SNR*s across some or all of the subchannels, 
should be used. SNR measurements may also be made on the data carrying signals them- 
selves, i.e., a dedsion-directed SNR measurement. 

Instead of using a multiplicity of secondary subchannel control parameter sets as 
described above, a simplified approach may construct and use a single secondary set 
based on a composite of the bit allocation or other characteristics of the individual de- 
vices. In one embodiment, the composite is formed by selecting, for each subchannel, the 
minimum bit allocation exhibited by any device for that subchannel, or the most severe 
characteristic of any other disturbances, thus forming a single "worst case" set that may 
be used when any device is activated, regardless of the specific device or disturbance ac- 
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tually present. Or it may be determined as the actual or calculated capacity of the line 
when all devices are actually or theoretically aauated simultaneously, or all disturbances 
are present, or both concurrently. Bit allocations sets may also be determined for combi- 
nations of subsets of such devices and disturbances. A similar approach may be used to 
handle the situation where several devices are activated at the same time, and the effects 
of other disturbances such as cross talk, etc. may also be incorporated into a composite 
s^. 

A particular parameter set of the secondary channel control table remains in use 
for the duration of the session in which the voice de\dce is active or until another change 
of state occurs, e.g., a further voice device is activated or some other disturbance takes 
place. When this occurs, the local modem renews its identification procedure to enable 
determination of the appropriate parameter set for the new conditions. At the end of the 
session in which the voice device is active, the device returns to inactive (i.e., "on-hook") 
status and the system reverts to its original ("on-hook") status in which the primary chan- 
nel control table once again is used for communications between the central office and the 
subscriber. 

Switching the subchannel parameter sets in accordance with the present invention 
is extremely fast It can be accomplished in an interval as short as several firames, and 
thus avoids the lengthy (e.g., several second) delay that would otherwise accompany de- 
termination, communication, and switching of newly-determined sets. Further, it avoids 
communicating new parameter seU at a time when conmiunications have been impaired 
and error rates are high. Thus, it mimmizes disruption to the conmuinication process oc- 
ca^oned by disturbance events. 
Detecting Disturbance Events 

During subsequent data conmiunications, identification of the device that is acti- 
vated is achieved in one of a number of ways. In one embodiment of the invention, a 
spedfic activation signal is transmitted firom the device to the modem on the same side of 
the subscriber line as the device (referred to herein as *the local modem") on activation of 
the device. This signal may be transmitted over the communications line to which the 
device and the local modem are connected or it may be smt over a dedicated connection 
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between the device and the local modem. 

In the preferred embodiment of the invention, the local modem monitors the sub- 
scribe" line to which it and the device are connected and detects a change in line charac- 
teristics when the device is activated. For example, the signal to noise ratio (SNR) of the 
various subchannds can quickly be measured and can be used to identify the particular 
device that is activated. During multiple sets of uiitializations, corresponding to multiple 
communication conditions caused by the devices or by other inteifemces, the SNR 
measure for each subchannel is detennined for each of the conditions to be tracked 0-e., 
no devices activated, devices activated separately, two or more devices activated concur- 
rently, adjacent channel interference, etc.) and tfie measures stored, along with identifica- 
tion of the particular parameter set or sets with which they are associated. When a device 
is activated, the SNR measurements are used to quickly identify the particular device or 
devices that have been activated, and the local modem can thereafter switch to the appro- 
priate secondary table. 

Disturbance events may also be detected in accordance with the present invention 
by mcnitoring selected transmission characteristics that are dependent on these events. 
These may comprise, in addition to any characteristic SNR accompaiqdng them, such 
measures as errors in the cyclic redundancy code (CRC) that acconq>anies transmissions 
and changes m the error rate of this code; changes in the amplitude, frequmcy or phase of 
a pilot tone on the subchannels; or other such indida. Forward mot correction code 
(EEC) is typically used in ADSL transcdvers, and changes in the error rate characteristics 
of this code, such as how many mors have occurred, how many have been corrected, 
how many are uncorrected, and tiie like, can be particulariy uscfiil in detecting disturi)ance 
events. 

In monitoring these characteristics, we distinguish between changes caused by 
momentary or transient events such as lightning or other such burst noise disturbances, 
and tiiose assodated witii disturbance events, the latter continuing for a significant inter- 
val (e.g., on the order of seconds or more). In particular, in emboc&nents that monitor 
CRC errors or error rates in accordance with the present invention, a switch firom one pa- 
rameter set to another is provided when the errors extend over a number of firames or 
whenfthe error rate changes by a defined amount for a time greater than a defined mini- 
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mum. For example, on the occurrence of an off-hook event , a severe form of disturbance 
to data communications over a subscriber loop, the number of CRC errors suddenly in- 
creases and remains at an increased level until it is dealt with. This is distinguished from 
the occurrence of a transient disturbance such as a lightnmg strike which causes a momen- 
taiy increase in CRC errors that does not perast as long as the system has not lost syn- 
chronization. 

Thus, in accordance with the present invention, the detection of an initial change 
in the CRC error rate over a number of frames in excess of a defined threshold is one ex- 
ample of the detection of a di^rbance event that will result in switching parameter sets. 
Similar procedures may be undertaken in response to measurement of the signal-to-noise 
ratio of the subchannel in order to detect a disturbance event based on this characteristic. 
The decision as to whether a disturbance event has occurred may be based on measure- 
ments on a single subchannel; on a multiplicity of subcharmels (e.g., the decision to switch 
parameter sets will be made when more than a defined number of subcharmels detect a 
disturbance event); or the like. 

An alternative technique for detecting a disturbance event in accordance with the 
present invention is the use of a monitor agnal, e.g., a pilot tone whose amplitude, fre- 
quency, phase or other characteristic is monitored during data transmission. A sudden 
change in one or more of the monitored characteristics from one frame to another, fol- 
lowed by a smaller or no change in subsequent frames, indicates a disturbance event to 
which the modem should respond. The monitor signal may comprise a dedicated signal 
carried by one of the subchannels; a signal carried on a separate control subchannel; a 
disturbance event itself (e.g., ringing tone, dial tone presence, or other common telephone 
»gnals); or other agnals. 

Communicating The Occurrence of Disturbance Events 

After a disturbance event is detected and the appropriate parameter set corre- 
sponding to the event is identified, the identification is commimicated to the remote mo- 
dem by means of a selection signal to enable it also to switch to the corresponding pa- 
rameter s^ in the secondary table. The selection signal may be in the form of a message 
transmitted over one or more subcharmels or using a predetermined protocol for an em- 
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bedded operations channel, or it may comprise one or more tones that identify the particu- 
lar parameter set. ADSL systems use a ''guard band" of several subchannels between the 
sets of subchannels used for upstream and downstream transmisaon. This guard band 
may be used to transmit the selection tone or tones. In cases where there is only a single 
parameter s^ to be designated, the selection signal may comprise a »mple flag (an ele- 
ment that has only two states, i.e., on/o£^ present/absent, etc.) that is sent to the remote 
modem to select the set. 

In a fiirther embodiment of the invention, use is made of the frame coimters at the 
ATU-R and ATU-C modems that are commonly provided in DSL ^stMis. On detecting 
a disturbance event, tiie ATU-R modem notifies the ATU-C modem of the event and 
specifies a fi^e at which the change in parameter set, or change in power level and any 
accompanying change in other parameters, is to take place. The spedfication may be di- 
rect (i.e.. the notification specifies a particular firame number at which the change to the 
secondary table is to be made) or indirect (i.e., on receipt of the notification, the change 
to the secondary table is made at one of a predetermined number of firames, e.g., the next 
firoie number ending in "0**, or in "00", etc., or the nth fi^ame after receiving the notifica- 
tion, where n is some number greater than 0). On reaching the designated uamc, both 
modems (i.e., ATU-R and ATU-C) switch to tiie new bit allocation set, power level, and 
other designated parameters. 

Altemativdy, on detection of a disturbance event, the modems perform a "&st 
retrain** in order to characterize communications under the new operating conditions and 
determine a pow^ and/or bit allocation set to be used for the conrnmnications. A fast 
retrain performs only a limited subset of the fiiU initialization procedures, e.g., bit alloca- 
tion and subchannel gain determination,. The retraining modem (typically the modem lo- 
cal to the disturbance initiating the retraining) then con^ares the newly determined pa- 
rameter set with previously stored sets. If the newly-determined set is the same as a pre- 
viously stored set, a message, flag, or tone is communicated by one modem to the other 
to designate which of the stored secondary allocation sets is to be used. Oth^iwise, the 
newly determined set is used for conununications. In the latter event, it must be commu- 
nicated to the other modem in the conrnuimcation pair, and conununications may be inter- 
rupted while this occurs. Nonethdess, on cessation of the event which necessitated a 
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change in parameter sets, the system may simply revert to the primaiy parameter set, 
without need for recommunication of that set and thus without further interrupting com- 
munications. With proper care in initialization, in most cases a su£Bdent array of parame- 
ter sets may be defined and ^changed at the outset as to avoid the need for subsequent 
reinitialization in response to most disturbances. 

Changing Power Levels 

In addition to changing one or more parameter sets in the modem in response to a 
disturbance event, in accordance with the preferred embodiment of the present invention 
we also preferably change the communications power level in either the upstream or the 
downstream direction, or both, in order to further enhance reliable communications. 
Typically, the change is a reduction in the power level in the upstream direction so as to 
minimize mterference with the voice commumcations, as well as to reduce echo into the 
downstream ngnal, and it will be so described herein. However, it should be understood 
that there will be some occasions when an increase in power level is called for, such as 
when interference from adjacent data services requires a higher power l^el in order to 
maintain a desired data rate or bit error level, and such a change is accommodated by the 
present mvcntion in the same manner as that of a decrease. Further, a change in down- 
stream power level may be called for when line conditions change to such an eTCtent that 
excessive power would otherwise be fed into the downstream channel from the upstream 
modem 

In theory, and in a perfectly linear system, upstream communications activities 
should have no effect on concurrent voice communications since the two activities occur 
in separate, non-overlapping frequency bands. However, the telephone system in fact is 
not a linear system, and nonlinearities in the system can and do injea image signals from 
the upstream subchannel into the voice subchannel, and possibly into the downstream 
subchannel as well (i.e., echo), thus producing detectable interference. In accordance 
with another aspect of the present invention, this effect is reduced below the level of ob- 
jection by reducing the upstream power level (the power level at which the subscriber or 
downstream modem transmits to the central office or upstream modem) by a given 
amount or factor when conditions dictate, e.g., when a voice communications device is 
off-hook and leakage from the data commiuiications being conducted interferes with the 
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voice communications. 

The amount of power reduction may be set in advance. For example, we have 
found that a mne db reduction in this power (relative to that typically used in ADSL ^- 
plications using splitters to separate the data and POTS signals) is sufficient in most cases 
of common interest; under these circumstances, the system operates in one of two alter- 
native power levels at all times. Alternatively, the downstream modem may select one of 
several different power levels for use, based on the communication conditions prevailing 
at the time resultant from the disturbance event. For example, the downstream modem 
may be activated to send a test signal into one or more upstream subchannels and to 
monitor the leakage (i.e., the echo) of this signal into one or more downstream subchan- 
nels as determined, for example, by the SNRs on these subchannels; the power level at 
which the downstream modem transmits upstream may then be adjusted accordmgly in 
order to minimize the effects of the echo. Commonly, the downstream transmit power is 
detenmned by the ATU-R, since the ATU-R is closest to the cause of the disturbance 
event. In this event, the ATU-R uses a message, flag, or tone to inform the ATU-C of the 
de^rcd power !evd to be used for transmission. In either case, at the end of a session, the 
power level reverts to that used in the "on-hool^ state. 

In selecting the desired power level, the transmitting modem ^gnals the receiving 
modem in the communications-pair of the desired change including the designation of a 
particular power level from among several power levels, where appropriate), and thereaf- 
tM- implmients the change, including switching to a new parameter set associated wth 
that power level. In another embodiment of the invention, the receiving modem detects 
the power level change at the transmitting modem and switches to a parameter set asso- 
ciated with that power level; upstream communications (i.e., from the ATU-R to the 
ATU-C) are thereafter conducted at the new power level until the disturbance event (e.g., 
off-hook condition, etc.) terminates. 

While much of the above has been described in terms of a change in power level in 
the upstream communications from the subscriber modem to the central office modem, it 
should be noted that a change in power level in the opposite direction may also sometimes 
be called for. This may be the case, for example, on short subscriber loops (e.g., less than 
a mile), where the reduced line loss consequent on the greater proximity to the central 
SUBSTITUTE SHEET (RULE 26) 



wo 99/20027 



PCT/US98/21442 



-19- 

office may result in the cmtral office initially transmitting at an excessive power level. In 
such cases, the central office or ATU-C modem performs the role previously performed 
by the subscriber or ATU-R modmi, and vice versa, and a change in power level and 
other parameters on the downstream communications may be performed as described 
above. Further, it should also be understood that while it is expected that the power 
change will most commonly be one that reduces the power level used to communicate, it 
may in some cases increase it. This will occur, for example, vAien crosstalk from adjacent 
services requires an increase in power level of the subject service in order to compensate 
for the crosstalk. 
Changing Other Parameters 

A further important change made in response to detecting a disturbance event is a 
change in the frequency domain equalizers ("FDQ's'O associated with each subchannel. 
These equalizers compensate for the diffoing distortions (e.g., amplitude loss, phase de- 
lay, etc.) sufib-ed by the data during transmission over the subchannel. Typically, they 
comprise finite impulse response filters with complex coefficients. The coefficients are set 
dunng the "initialization" or **training" phase of modem setup. They may subsequently be 
adjusted based on refisrence (known) data in reference frames or sync firames transmitted 
over the communication subchannel. In accordance with the present invention, these fil- 
ters are adjusted responsive to the transmitted reference data when a disturbance event is 
detected. The coefficient updating may be performed on all subchaimels, or selectively on 
those whose change in error rates, signal-to-noise ratios, or oiher error indicia, indicate a 
disturbance event. 

In accordance with one embodiment of the present invention, the coefficients of 
the frequency domain equalizes for communications both in the absence of a disturbance 
event or disturbance ("primary FDQ coefficients") and in the presence of such an event or 
disturbance ("secondary FDQ coefficients'*) are computed and stored during the initiali- 
zation or training period. Thereafter, these coefficients are switched rcsponave to a dis- 
turbance event, as is the case with the channel control tables, and are returned to an initial 
state on the cessation of such an event. 

In accordance with another embodiment of the invention, the FDQ coefficients are 
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recomputed responsive to detection of a disturbance event and then used throughout the 
remainder of the conununications session in place of the earlier-stored secondary FDQ 
tables. The recomputation is accomplished in a short "retrain** session in which known 
reference dau is transmitted between the ATU-R and ATU-C . The received data is com- 
pared with the known data and the new FDQ coefficients are determined accordingly. In 
addition to the firequency domain equalizer coefficients, time domain equalizer coefficients 
and echo cancdlation coeffidents may also be determined and stored. Such coeffidents 
are local to the particular recdver, and thus need not be communicated to the other mo- 
dem of the coRmmnications pair. Accordingly, any such retrain vdll be extremely fest, and 
any consequent disraption to communication limited. 

Excessive Disturbances 

In some cases a particular device may cause such interference with conmiunica- 
tions that compensation for that device by the methods described herem is not practical. 
This may occur, for «ample, with antiquated telephones or with particularly complex in- 
home wiring. In such a case, it is desirable to minimize the disruption caused by such a 
device by inserilng a ^ple in-line filter between the device and the subscriber line. The 
filter may comprise, for example, a simple low-pass filter of not more than a cubic inch in 
volume and a pair of standard connectors such as RJl 1 connectors through vAach the fil- 
ter connects to the device on one side and to the subscriber line on the other. Unlike 
POTS splitters, such a connector needs no trained technidan to install it, and thus pres- 
ents no barrier, cost or otherwise, to acceptance of ADSL modems as desoibed herdn. 
Such a device may be d^ected by measuring the nonlinear distortion of the device when it 
is activated. Thb is done by monitoring the echo on the line caused by that device. 

Reduced Rate Communications 

A fiirther improvement in the operation of the modem of the present invention re- 
ddes in confining the bandwidth of the downstream transmisdon to a subset of that nor- 
mally provided in ADSL contmunications. This reduces the processing demands on both 
the local 0 ^., central office) and remote (subscriber premises) modems, thereby facilitat- 
ing the provision of subscriber premises modems at prices more acceptable to consumer, 
non-business, use; additional!)', it further minimizes interference between data transmis- 
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sion and voice communications. For example, limiting the number of subchannels used by 
the modem to one hundred and twenty right as opposed to two hundred and fifty six re- 
duces the downstream bandwidth fi-om 1.1 MHz to approximately 552 kHz. When the 
modem is used with modems that normally provide a greater number of subchannels for 
such communications, the bit allocations and gains for the subchannds above one hundred 
and twenty eight are preferably nulled, i.e., set to zero. 

The invention is preferably operable with modems that do not have the capabilities 
described herein, as well, of course, with mod^s that do. Accordingly, the modem of 
the present invention identifies its capabilities, preferably during initialization, preparatory 
to data exchange with another modem. In accordance with the preferred embodiment of 
the invention, this is preferably done by signaling between the modems that are to partici- 
pate in communications. The signaling identifies the type of modems in conmiunication 
and their characteristics of significance to the communication session. For example, one 
form of ADSL transceiver uses a reduced number of subchannels (typically, thirty two 
subchannels upstream and one hundred twenty dght subchannels downstream) and pro- 
vides lower bandwidth commimications. A modem having fiall ADSL capabilities that en- 
counters a reduced-rate modem can then adjust its transmission and tcoepticn parameter? 
to match the reduced-rate modem. This may be done, for example, by transmission fi-om 
one modem to the other of a tone that is reserved for such purposes. 

In particular, in accordance with the present invention, on initiation of communi- 
cations between a central ofiSce modem and a subsoiber premises modem, the modems 
identify themselves as '^fiiU rate" 0.e., communicating over two hundred and fifty sue sub- 
channels) or ""reduced rate** (e.g., communicating over some lesser number of subchan- 
nds, e.g., one hundred and twenty dght). The communication may be performed via a 
flag (two-state, e.g., "on/oflP', "present/abscnf), a tone or tones, a message (n-state, 
ri>2), or other form of communication, and may be initiated at dther end of the communi- 
cation subchannel, i.e., either the central o£Sce end or the customer premises end. 

Brief description of the drawings 

The invention description below refers to the accompanying drawings, of which: 

Figure 1 is a block and line diagram of a conventional digital subscriber line 
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(DSL) system using POTS splitters that is characteristic of the prior art; 

Figure 2 illustrates an illustrative bit allocation and gains table used ui the appara- 
tus of Kgurel; 

Figure 3 is a block and line diagram of a splitterless DSL system in accordance 
with the present invention; 

Figure 4 is a block diagram of a splitteriess transceiver in accordance with the pre- 
sent invention; 

ngures SA-5C iDustrates channel control tables constructed and used in accor- 
dance with the present invention; 

Figure 6 is a diagram of one form of disturbance event detector in accordance 
with the present invention; 

Kgure 7 illustrates the use of a firame counter for communicating the switching 
dedsion to the remote modem; 

Figure 8 illustrates the preferred procedure used for performing a fast retrain of 
the modems in accordance with the present iuvention; 

Figure 9 illustrates the manner in which channel control tables may readily be se- 
lected in accordance with the present invention; and 

Hgure 10 illustrates alternative configuration for interconnection of the modems 
of the present invention. 

Detailed description of an iliustnitive embodiment 

Figure 1 shows an ADSL communications system of the type heretofore used in- 
corporating "splitters" to separate voice and data communications transmitted over a 
telephone line. As there shown, a telephone central office ("CO") 10 is connected to a 
remote subscriber 12 ("CP: Customer Premises") by a subscriber line or loop 14. Typi- 
cally, the subscriber line 14 comprises a pair of twsted copper wires; this has been the 
traditional medium for carrying voice communications between a telephone subscriber or 
customer and the central office. Designed to carry voice communications in a bandwidth 
of approximately 4 kHz (kiloheru), its use has been greatly extended by DSL technology. 
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The central office is, in turn, connected to a digital data network C'DDIT) 16 for 
sending and recdving distal data, as well as to a public switched telephone network 
CTSTN") 18 for sending and recdving voice and other low frequency communications. 
The distal data netwoilc is connected to the central office through a digital subscriber Une 
access multiplexer CDSLAM") 20, while the switched telephone network is connected to 
the central office through a local switch bank 22. The DSLAM 20 (or its equivalent, such 
as a data enabled switch line card) connects to a POTS "spUtteT 24 through an ADSL 
transceiver unit -central office ("ATU-C^ 26. The local switch 20 also connects to the 
splitter. 

The splitter 24 separates data and voice ("POTS") signals received from the line 
14. At the subscriber end ofline 14, a splitter 30 performs the same function. In particu- 
lar, the splitter 30 passes the POTS signals from line 14 to the appropriate devices such as 
telephone handsets 31, 32, and passes the digital data signals to an ADSL transceiver 
unit-subscriber ("ATU-R") 34 for application to data utilization devices such as a per- 
sonal computer CTC) 36 and the like. The transceiver 34 may advantageously be incor- 
porated as a card in the PC itself; similarly, the transceiver 26 is commonly implemented 
as a line card in the multiplexer 20. 

In this approach, a communication channel of a given bandwidth is divided into a 
multq>licity of subchannels, each a fraction of the subchannel bandwidth. Data to be 
transmitted from one transceiver to another is modulated onto each subchannel in accor- 
dance with the information-carrying capacity of the particular subchannel. Because of 
differing ^gnal-to-noise C'SNR") characteristics of the subchannels, the amount of data 
loaded onto a subchannel may differ from subchannel to subchannel. Accordingly, a ''bit 
allocation table" (shown as table 40 at transceiver 26 and table 42 at transceiver 34) is 
mamtained at each transceiver to define the number of bits that each will transmit on each 
subchannel to the recdver to which it is connected. These tables are created during an 
initialization process in which test ^gnals are transmitted by each transcdver to the other 
and the signals received at the respective transceivers are measured in order to determine 
the maximum number of bits that can be ttansmitted from one transcdver to the other on 
the particular line. The bit allocation table determined by a particular transceiver is then 

transmitted over the digital subscriber line 14 to the other transceiver for use by the other 

I 
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transcdver in transmitting data to that particular transceiver or to any similar transceiver 
connected to the line 14. The transnussion must, of course, be done at a time when the 
line is not subject to disturbances which may interfere vnth communications. This is a 
significant limitation, and restricts the utilization of this approach. 

5 Referring now to figure 2, a bit allocation table 42 such as is used in the customer 

premises equipment is shown in fiirther detail. Table 40, used at the central office, is es- 
sentially the same in construction and operation and will not fiirther be des^ibed. Table 
42 has two sections, a first section, 42a, which defines certain communication parametm 
such as bit allocation capacity and subcharmel gain parameters that characterize the re- 

10 spective subcharmels and which the transmitter section of transcdver 34 will use in 

transmitting a signal to the other transceiver (26) with which it is in communication; and a 
section 42b that defines the parameters that the receiver section of transcdver 34 will use 
m receiving a signal transmitted fi-om the other transceiver. Communications take place 
over a plurality of subchannels, here shown, for purposes of illustration only, as subchan- 

15 nels "9'', "10", etc. in the transmitter section, and subchannels "40**, "41", etc. in the re- 
cdver section. In a fiill-rate ADSL system, there are up to two hundred and fifty sbc such 
subchannels, each of bandwidth 4. 1 kHz. For example, in one embcdinient of the in- 
ventm, upstream communications (i.e., fi-om the customer premises to the central tele- 
phone office) are conducted on subchannels 8 to 29; downstream communications (fi-om 

20 the central office to the customer premises) are conducted on subchannels 32 to 255; sub- 
channels 30 and 3 1 form a guard band between upstream and downstream communica- 
tions that may be used for signaling as described herdnafter. 

For each subdiannel CSCT) 50, a field 52 defines the number of bits C*B") that are 
to be transmitted over that subchannd by the transmitter of a communications or modrai 

25 pair, and recdved by the recdver of that pair, condstent with the prevailing conditions on 
the subchannel, e.g., measured agnal-to-noise ratio (SNR), desired error rate, etc.; col- 
umn 54 defines the corresponding gains C'Cj") of the subchannels. A first section, 42a, of 
the table specifies the bit allocations and gains that transceiver 34 will use in transmitting 
"Hipstream" to the transcdver 26; and a second section, 42b, spedfies the bit allocations 

30 and gains that transceiver 34 will use in recdving transmisaons fi-om the transcdver 26. 
Transcdver 26 has a corresponding table 40 which is the mirror image of table 42, that is. 
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the bit allocations specified for transmission by transceiver 34 are the same as those 
specified for reception by transceiver 26 and correspondingly for reception by transceiver 
34 and transmission by transceiver 26. The table typically may also include a field specify- 
ing the gain 54 assodated with the pardcuiar subchannel. 

As noted above, the splitters 24, 30 combine the data and voice communications 
applied to them for transmission and once again separate these from each other on recep- 
tion. This is accomplished by means of high pass and low pass filters which separate the 
low-frequency voice communications &om the lugh-firequency data. The need to utilize 
such splitters, howev^, impdses a severe impediment to the widespread adoption of DSL 
technology by the consumer. In particular, the installation of a splitter at the subscriber 
premises requires a trip to the pronises by a trained technician. This can be quite costly, 
and will deter many, if not most, consumers firom taking advantage of this technology. 
Nor is incorporating splitters in the communications devices themselves a viable option, 
since this not only increases the cost of such devices, but requires either the purchase of 
all new devices or the retrofit of the older devices, which again requires skilled help to 
accomplish. In accordance with the present invention, we eliminate the splitter at least at 
the customer premises, thereby enabling adoption and use of DSL modems by the end 
user without the intervention of trained technical personnel. This, however, requires 
significant changes in the structure and operation of the DSL transceivers or modems, and 
the present invention addresses these changes. 

In particular, figure 3 shows a DSL transmission system m accordance with the 
invention in which the conq>osite voice-data signal trananitted fix)m the central oflBce to 
the subscriber premises is passed to both the subscribe voice equipment 3 1, 32 and to the 
data transcdver or modem 34' without the intecpo^tion of a splitter at the subscribe 
premises. In figure 3, components that are imchanged from figure 1 retain the same num- 
bering; components that are mocUfied are de^gnated with a prime superscript. In place 
of the single table 30 of the transcdver 26 of Figure 1, the transcdver 26' of Figure 3 
contains a primary chaimd control table 41 and a secondary channd control table 43. 
Sunilaiiy, transcdvor 34' of Figure 3 contains a primary channd control table 45 and a 
secondary channd control table 47. It will also be noted that the subscriber side splitter 
has been eliminated in Figure 3 : the reason why this can be done in the present invention 
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wiil now be described in detaU. It will also be noted that the central office splitter 20 in 
figure 1 has hem retained in the configuration of Hgure 3 : this is optional, not manda- 
tory. Retaining a splitter at the central office can improve the performance somewhat at 
little cost, since only a single installation is required and that at the central office itself 
where technical personnel are commonly available in any event. Where this is not the 
case, it may be eliminated there also. 

Turning now to figure 4, the transceiver or modem 34* is shown in greater detail; 
the modem 26' is essentially the same for present purposes and vnjl not be separately de- 
scribed. As indicated, modem 34' comprises a transmitter module 50; a receiver module 
52; a control module 54; a primary channel control table 45; and a secondary channel 
control table 47, The primary channel control table is shown more fiiUy in figure 5A.; the 
secondary channel control table is shown more fiiUy in figure 5B. 

In figure 5A, the primary channel control table 45 has a transmitter section 45a 
which stores a primary set of channel control parameters for use in transmitting to a re- 
mote recdver over a DSL line; and a receiver section 45b which stores a primary set of 
channel control parameters for use in recdving commimications over a DSL line fi'om a 
remote transmitter. The subchannels to which the parameters apply are shown in column 
45 c. The channel control parameters in the transmitter section 45a include at least a 
specification of the bit allocations QV) 45d and preferably also the gains ("G") 45e to be 
used on the respective subchannels during transmission. The receiver section similarly in- 
cludes spedfication of the bit allocations and gains, and preferably also mcludes specifica- 
tion of the fi-equency domain equalizer coeffidmts CTDQ") 45^ time domain equalizer 
coefficients ("TDEQ") 45g, and edio canceller coefficients CTEC') 45h, among others. 

Collectively, the parameters: bit allocation, gam, firequency domain coeffident, 
time domain coeffident, etc. form a parameter set, each of whose members are also sets, 
e.g. the bit allocation set defining the allocation of bits to each of the subchannels, the 
gain setting set defining the gains across the subchannels, etc. In accordance with the 
preferred embodiment of the present invention, the primary channel control table stores a 
single parameter set which has at least one member, i.e., a bit allocation set, and prefera- 
bly a gain allocation set as well; this parameter set defines the default communications 
conditions to which the system will revert in the absence of disturbance events. The sec- 
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ondary channel control table, however, has at least two, and typically more, parameter 
sets for controlling transmission and reception over the subscriber lines by the respective 
modems; these sets define communications under various disturbance events vAich 
change the defauk concfitions. 

In particular, in Figure 5B, the secondary channel control table 47 comprises a 
plurality of parameter sets 47a, 47b, 47c, etc., of which only three sets are shown for pur- 
poses of illustration. Each parameter set includes a transmit portion 47 d and a receive 
portion 47e. In each portion, one or more parameters are specified, e.g., bit allocations 
47f and gains 47g in the transmit portion 47d, and frequency domain coefficients 47h, 
time domain coefficients 47i, and echo cancellation coefficients 47j in the receive portion 
47e. The actual values of the coefficients are typically complex numbers and thus they are 
represented simply by letters, e.g., "a**, "b", etc. in the channel control tables of Figures 
5 A and 5B. Parameter sets 47b, 47c, and the remaining parameter sets are similarly 
constructed. As was the case for the primary channel control table, each parameter (e.g., 
bit allocation) is itself a set of elements that define communication conditions, at least in 
part, across the subchannels to which they apply and which they help characterize. 

The primary duumel control table communing a bit allocation parameter set is gen- 
erated in the usual mann^, i.e., during initialization (typically, a period prececfing the 
transmission of •'woridng data" as opposed to test data), known data is transmitted to, 
and recdved fixjm, the remote modem witii i^ch the instant modem is in conununication 
under the conations v4uch are to comprise the default condition for the modem. Typi- 
caUy, tills wiU be witii all disturbing devices inactivated, so tiiat tiie highest data rate can 
be achieved, but the actual conditions will be sdected by tiie user. The data received at 
each modem is checked against the data known to have been transmitted and the primary 
channel control parameters such as bit allocation, subchannel gains, and the like are calcu- 
hited accordingly. This table is thereafker used as long as the system remains undisturbed 
by disturbance events which disrupt communications over the line. 

The secondary channel control table may be determined during initialization in tiie 
same manner as the primary table, but witii devices tiiat may cause disturbance events 
actuated in order to redetermine the channel control parameters required for communica- 
tions under the new conditions. These devices may be actuated one by one, and a secon- 
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daiy parameter control set determined for each and stored in the secondary channel con- 
trol table; or they may be actuated in groups of two or more, and parameter sets deter- 
mined accordingly, or various combinations of »ngle and group actuations may be per- 
formed and the corresponding parameter sets determined. Secondary parameter sets may 
simOaily be determined from actual measurements with interfering sources such as xDSL 
transmissions in a common binder with the modems in question, and the resultant sets 
stored in the secondary table. ' 

Other methods of determination of the secondary table may be employed. For exr 
ample, one or more secondary parameter sets may be derived from the primary table. 
Thus, the bit allocation on each subchannel in the secondary table may be taken as a per- 
centage, fixed or varying across the subchannels, of the bit allocation for each subchannel 
defined in the primary table. Alternatively, it may be calculated from the same data as that 
of the primary table, but using a larger margin; by using a percentage, fixed or varying 
across the subchannels, of the signal-to-noise ratio tised in calculating the primary table; 
by provicUng for a different bit error rate than provided for in the primary; or by other 
techniques, indudirm those described earlier. Portions of the primary and secondary may 
be recalculated or improved upon during the communication session, and stored for sub- 
sequent use. The calculation or recalculation may be a one-time event or may occur re- 
peatedly, including perioctically, throughout a communication session. 

Further, although use of a multiplidty of parameter sets in the secondary charmel 
control table will generally provide the best match to the actual charmd conditions and 
thus more nearly approach optimum communications concUtions, a simplified second table 
containing a single componte parameter set may also be used. Thus Hgure 5C shows a 
number of sets 49a-49d of bit allocations for the subchannels 49e and which may rqpre- 
sent a corresponding number of different cormnurucation devices or conditions associated 
with communications over these subchannels. A single composite parameter set 49f may 
be formed as a function of the parameter sets 49a-49d by, for example, selecting, for each 
subchannel, the nunimum bit allocation among the sets 49a-49d for eacA of the subdian- 
nels 49e. Such a set represents a "worst case" comtition for activation of any of the de- 
vices associated with the sets 49a-49d, Other worst case parameter sets may be formed, 
for example, on selected groups of devices, thus providing for the case v*en several de- 
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vices or disturbances are operating simultaneously. 

In the absence of a disturbance evrat, the transceivers 26\ 34' use the primary 
channel control tables 41, 4S for communications. Responsive to detection of a distur- 
bance event, however, the transceivers 26', 34' switch to one of the parameter sets of the 
secondary channd control tables 43, 47 to continue the communications under the condi- 
tions specified by the particular parameta: table. These concUtions may specify a cUmin- 
ished bit rate while maintaining the same bit error rate as is provided with the primaiy 
channd control table; or may specify the same bit rate but at a higher bit error rate; or 
may specify a diminished bit rate at a correspondingly diminished power levd or margin; 
or other conditions as determined by the specific channel control tables. On termination 
of the disturbance condition which caused the switch, the transceivers 26', 34' return to 
use of the primaiy tables 41, 4S. 

Typically, the primary tables provide communications at or near the edacity of 
the communications channd over line 14. The secondary tables provide communications 
over the channd at a dinunished rate. Switdiing between the primaiy and secondary u- 
bies (that is. switdiing from a primaiy parameter set to a secondary parameter set) in ac- 
cordance with the present invention is fest: it can be accomplished in an interval as short 
as sev^d fitunes (each fiwie being approximatdy 250 microseconds in current ADSL 
systems), and thus avoids the lengthy dday (e.g., on the order of severd seconds) that 
would otherwise be required for determination, communication over the subscriber line, 
and smtctung of newly-determined bit allocation tables. Further, it avoids communication 
of such tables over the subscriber line at a time when communications have been impaired 
and OTor rates are therefore high. Thus, utilization of prestored paramet^ sets in accor- 
dance with the present invention mininuzes disruption to the communication process oc- 
casioned by disturbance events. 

The channel control tables are stored in a storage or memory for rapid access and 
retrievd. Preferably, the storage is a random access memory ("RAM") incorporated into 
the modem itself, but dso comprise such a memory located in other components accessi- 
ble to the modem, e.g., in a stand-done memory; in a computer such as a persond com- 
puter ("PC"); in a disk drive; or in other elements. Further, the storage may include por- 
tions of other forms of memory, such as read only memory ("ROM"). 
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In addition to accessing the channel control tables 45 and 47, the control module 
54 of Hgure 4 preferably also controls formulation of the secondary control table when 
this table is calculated on the basis of the primary channel control table. Further, the 
module 54 monitors the SJIR on the subscriber line 14 and calculates the primary and 
secondaiy channel control parameter sets when these sets are based on measurement of 
actual conditions of the line, as will most commonly be the case. To this end, the control 
module is advantageously implemented as a special purpose cUgital computer or "DSP' 
clup particularized to the functions desoibed herein. It may, of course, alternatively be 
implemented as a general purpose computer or in other &shion, as will be understood by 
those skilled in the art. 

In accordance with the present invention, disturbance events on the subscriber line 
are distinguished from transient events such as lightning impulses by mean of their conse- 
quences. In particular, a signaling event such as an off-hook signal or an on-hook signal 
t3rpically causes sufiBdent disruption as to preclude further communications without re- 
initialization. The event is accompanied by an error code indication that persists through- 
out the disruption; a change in the amplitude and phase of the physical signal carrying the 
data or of a pilot tone; the application of a substantial voltage io the line; and other indi- 
cia. We monitor the subscriber line for the occurrence of one of more of these character- 
istics in order to detect the event. 

Figure 6 illustrates one maimer of detecting a disturbance event in accordance 
with the present mvention. A detector 70, which is preferably included in control module 
54, receives signals from line 14 and monitors (step 72) the error code (e.g., CRC errors 
or the FEC error count) assodated with the agnals for occurraice of an error indication. 
If no error is detected (step 74), the d^ector remains in monitoring mode without further 
action. If an error is indicated by the error code, a counter is incremented (step 76) and 
the count is th» compared with a predefined threshold (step 78). If the count does not 
exceed the thrediold (step 78, ">N?"X the system remains in monitoring mode and con- 
tinues to accumulate any detected mors. If the count exceeds the thre^old (step 78, Y), 
the detector emits a "disturbance event" detection signal (step 80) which causes the trans- 
cdver in whidi the detector 70 is located to initiate the process of switching to the appro- 
priate parameter set in the secondary table. The count is reset (line 8 1) when this occurs. 
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Instead of monitoring the error code for characterisdc behavior (i.e., repeated er- 
ror OV& succesave frames), in accordance with the present invention one may monitor 
the amplitude and phase of the physical signals transmitting the data over the subchannel 
or of a pUot tone transmitted between modems. On the occurrence of a disturbance 
event, the amplitude and phase of the pineal signal undergo significant change, i.e., the 
amplitude suddenly decreases and the phase suddenly shifts to a new vahie; thereafter, 
they maintain approximately their new vahies during successive frames. This bdiavior 
may be monitored as shown in Figure 7 in which a monitor 100 monitors, for example, 
the amplitude of a data ^gnal or a pilot tone on line 14 and sets a flip-flop 102 to an 
"active" state CQ**) on detecting a change in the amplitude of greater than a predefined 
threshold value. Flip-flop 102 enables (input T.**) a counter 104 connected to receive 
counting pulses from a frame counter 106 whenever a new firame is transmitted or re- 
cdved by the modem. These counting pulses are also applied to a threshold counter 108 
vAAch accumulates the counts applied to it until it reaches a defined count and then ap- 
plies the resultant count to a comparator 1 10 where it is compared with the count in 
counter 104. If the contents of the counters 104 and 108 are equal, comparator 110 pro- 
vides an output ("Y") which causes the iraasedver to initiate the process of switdiing to 
the appropriate table. This also resets the counters 104, 108 and the flip-flop 102. These 
are also reset (input "R'O if the counts of counters 104 and 108 do not match C*N" output 
of comparator 110). 

A similar procedure may be used to generate the table-switching agnal based on 
monitoring the phase change of data signals or pilot tones as noted above. Further, al- 
though the operation of the event detector of figure 8 has been explained largely in terms 
of hardware, it will be understood that it may also readily be implemented in software, or 
in a combination of hardware and software, as is true of most of the elraients described 
herein. 

Still a fiirther approach to detecting a disturi)ance event is to monitor the distur- 
bance evoit directly. For example, in the case of off-hook or on-hook signals, a 48 volt 
dc step voltage is apphed to the subsoiber line. This agnal is suffidentiy (fistinct &om 
other signals as to be readily detectable directiy simply by monitoring the line for a step 
voltage of this size and tho-eafter generating a table-switching signal in response to its 
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detection. Another approach is to monitor the SNR on one or more subchannels by 
monitoring the "sync" frames. The presence of a disturbance from data sources on adja- 
cent phone lines manifests itsdf as a change in the subchannel SNR. A direct method of 
monitoring disturbance events caused by activation or deactivation of communication- 
5 disturbing devices is to du-ecUy signal between the device and the local modem on occur- 
rence of dther of these events. AsshowninFigureS, for example, signaling lines 35, 37 
may be extended directly between the local modem 34* and its associated devices 3 1, 32 
to directly signal a change in these devices, such as their activation ("oflf hook") or deacti- 
vation C*on hool^). 

10 In addition to changing the control tables in response to a disturbance event, it is 

desirable to decrease the upstream transmit power level in order to minimize the interfer- 
ence with the voice communications caused by upstream transmissions, as well as to re- 
duce the leakage of these transmissions into the downstream signal ("echo"). These inter- 
ferences arise from nonlinearities caused by devices such as telephones that are coupled to 

15 the line, especially when the telephones are ofF-hook. The amount of power reduction 
required to render the interferences acceptable varies from one telephone to the next. In 
the preferred embodiment of the invention, a probing signal is used to uctermine the re- 
quired decrease in upstream transmit power. In particular, after detecting a disturbance 
event such as activation or deactivation of a telephone or interference from other sources 

20 wluch can disrupt communications, the transmitter portion of the ATU-R (the *Hipstream 
transmitter") transmits a test signal over the subscriber line at varying power levels and 
measures the echo at the receiver portion of the ATU-R (the "downstream receiver"). 
The resultant measurement is used to determine an upstream transmission power level 
that minimizes echo at the downstream recdvor or that at least renders it acceptable. The 

25 new power level, of course, is Qrpically assodated with a correspon<ting new parameter 
set in the chaimel control parameters. 

In addition to changing the bit allocation and gain parameters in response to a 
disturbance event, it is generally necessary to change one or both of the subchannel 
equalizers, (i.e., the time-dommn equalizers or the frequency-domain equalizers), as well 

30 as the echo canceller. Appropriate sets of these parameters may be formed in advance in 
the same manner as the bit allocations and diannel gains (i.e., in a preliminary training 
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session, sending test communications over the subscriber line with various devices con- 
nected to the line activated, measuring the resultant communication conditions, and de- 
termining the various parameters based on the measurements), and stored in the secon- 
dary channel control table for recall and use as required. Alternatively, they may be rede- 
termined quickly during a retraining operation following detection of a disturi)ance event 
and without excesavley disrupting communications, since these parameters are local to 
the receiver and thus need not be transmitted to the other modem in the commimications 
pair. 

In particular, in accordance with the preferred embodiment of the invention, on 
detecting a disturbance event, the transceivers enter a "fast retrain" phase, as shown in 
more detail in Figure 8. A common disturbance event is taking a telephone oflFhook or 
replacing it on hook, and this is commonly detected at the ATU-R. The fest retrain proc- 
ess will be illustrated for such an event, although it will be understood that it is not limited 
to this, and that the retrain may be initiated for any type of disturbance event, and at either 
end of the conmiunication. Thus, on detecting such an event (Figure 8, event 200), the 
ATU-R notifies the ATU-C (step 202) to enter the fast retrain mode. The notification is 
preferably performed by transmitting a specific tone to the ATU-C, but may also comprise 
a message or other form of communication. On receiving this notification (step 204), the 
ATU-C awaits notification firom the ATU-R of the power levels to be used for subsequent 
communications. This includes at least the upstream power level, and may include the 
downstream power level as well, since changing the upstream power level may impact 
downstream communications to some extmt. For purposes of completeness, it will be 
assumed that both of these power levels are to be changed, although it will be understood 
that in many cases, only the upstream power levd will be changed. 

The new power levels to be used are determined by tiie ATU-R (step 208), which 
transmits a channel-probing test ^gnal to the upstream transcdver and measures the resul- 
tant echo at the downstream recdver, it then sets the upstream power level to minimize 
the echo into the downstream signal, and may also set the downstream power level to 
minimize the effects of leakage of the upstream transmission into the downstream trans- 
mission at the upstream transmitter. The ATU-R then communicates (steps 210, 212) to 
the ATU-C the selected upstream and downstream transmission levels, e.g., by transmit- 
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ting to the upstream transceiver one or more tones modulated by binary PSK (phase shift 
keying) signals to ensure robust communication of the power levels. The power levels 
may be specified directiy (e.g., as "-30dbm"), or indirectly (e.g., as "level 3" of a prede- 
fined group of levels), and the spedfication may identify the actual value of the power 
level, or ^mply the change in power level to be effectuated. 

The ATU-R (step 214) and ATU-C (step 216) next commence transmission at the 
new power levels for purposes of retraining the equalizers and echo cancellers. Prefera- 
bly, the change to the new power levels is synchronized through use of fi^me counters 
which are used in DSL systems to align transmitters and receivers, but the synchronization 
may be accomplished by other means (e.g., by transmitting a tone or message or by simply 
sending a flag) or may be left unsynchronized. Based on the training transmission, the 
ATU-R and ATU-C determine (steps 218, 220) the time and frequency domain equalizer 
parameters appropriate to the new power levels, as well as the appropriate echo canceller 
coeflScients. The determination may include calculations based on these measurements in 
ordCT to determine the coefficients, or the measurements may be used to select a particu- 
lar set or sets of coefficients fi-om one or more precalculated sets stored at the ATU-R 
and ATU-C, respectively. 

For example, as was the case with determination of the power levels responsive to 
a disturbance event, the SNRs on various subchannels may be used to identify a particular 
device or devices associated with the event and tiius to select an appropriate prestored 
parameter set stored at the ATU-R and ATU-C, respectively, ampfy by transmitting to 
the other modon in the communication pair a message or tone set that spedfies the num- 
ber of the parameter set to be used for subsequent communications. The SNR measure- 
ments thus serve as a "agnature" of the device or devices assodated with the disturbance 
event, and allow rapid identification of tfiese devices. This ^proach can agnificantiy re- 
duce the time reqmred to retrain the equalizers and echo cancellers. And even if training 
is required imder particular circumstances, the training time can be meaningfiilly reduced 
by using prestored coefficients as the starting point. 

To facilitate use of the SNR measurements in retrieving corresponding parameter 
sets, it is desirable that the various parameter sets as stored be indexed to sets of SNRs, 
so that one or more parameter sets associated with particular communication conditions 
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may quickly be identified and retrieved. One way in which this may be accomplished is 
shown in Fig. 9A in which the respective parameter sets such as a first set 250, a second 
set 252, etc. have, in addition to the subdiannel (SC) number 254 and the corresponding 
bit allocation (BA) and gain (G) entries, a SNR entry 260 characteristic of the parameter 
set appropriate to a given communication condition, such as "on-hookf' (table 250), "oflF- 
hool^' (table 252), etc. Additional paramet«" sets such as firequency domain equalizer 
coefiBdents, time domain equalizer coefiBdents, and echo cancellation coefiBdents may 
also be stored in the tables, as would be ^propriate for the recdver portion of the mo- 
dem; for the transmitter portion, these coefiBdents are not q)plicable and thus are not 
stored. 

An alternative means of linking the subchannel SNRs and the corresponding pa- 
rameter sets is shown in Figure 9B. As there shown, a simple list structure 270 comprises 
a parameter set identifier 272, and a multiplicity of SNR measures 274, 276, etc. SNRs 
for some or all of the subchannels may be included. The list may be searched measure for 
measure to identify the nearest match to a stored parameter set, and that set then retrieved 
for subsequent use. In dther Figure 9A or 9B the parameter set indexed to the SNRs may 
be a set of multiple parameters, such as bit allocations and gains, among others, of may 
comprise a angle set such bit allocations only, or gains, only, etc. 

The identification of the channd control parameter sets to be used for the subse- 
quent communications is exchanged between the transcdvm (steps 226-232) which then 
switch to these parameter sets (234, 236) and commence communications under the new 
conditions. The message contaming the duumel control parameters is preferably modu- 
lated in a similar manner as the "poww levd" message, i.e., using sevml modulating 
tones with BPSK signaling. The message is therefore short and very robust. Itisinqx>r- 
tant that it be short so that the fest retrain time is minimized, since the modem is not 
transmitting or recdving data during this time and its temporary unavailability may thus be 
very noticeable, as would be the case, for example, when the modem is bdng used Sot 
video transmisaon, or internet access, etc. Sinularly, it is important that the message 
transmission be robust , since error-fi-ee communication during a disturbance event is very 
diflScult, due to decreased SNR, impulse noise fi"om ring^g or dialing, or the like. Thus, 
the provision and utilization of pre-stored parameter sets significantly chances the reli- 
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ability of communications despite the absence of a splitter at at least one of the modrais 
and despite the presence of disturbance events concurrent with data communications. 

It is expected that the modems described herein will most commonly be used in 
dedicated pairs, Le., each subscriber (ATU-R) modem mil conmiunicate with a dedicated 
central oflBce (ATU-C) modem. However, in certain cases it may sufBce to provide a 
angle master central office modem to service two or more subscriber modems. The pres- 
ent invention accommodates that eventually as well. Thus, in Figure 10, a central office 
modem 280 communicates through a switch 282 with a plurality of subscribe modems 
284, 286, 288 over subscribd- lines 290, 292, 294. The modems may be located at differ- 
ing distances from the central office and in different communication environments, and 
thus the channel control tables of each may be unique among themselves. Accordingly, 
the central office modem stores a master set 296 of individual channel control parameter 
sets 298, 300, 302, etc., one set (both transmit and receive) for each subscriber modem. 
On initiating communications to a particular subscriber, the central office modem retrieves 
the ^propriate transmission parameter set for the subscriber and uses it in the subsequent 
communications. Similarly, on initiating communications to the central office, a given 
subscriber modem identifies itself to enable the central office modem to retrieve the ap- 
propriate reception parameter set for that subscriber. 

CONCLUSION 

From the foregoing it vnH be seen that we have provided an improved communications 
system for communication over subchannels of limited bandwidth such as ordinary resi- 
dential telephone lines. The system accommodates both voice and data conmnmications 
over the lines simultaneously, and eliminates the need for the installation and use of 
"splitters'", an expense that might otherwise inhibit the adoption and use of the high com- 
munication capacity offered by DSL systems. Thus, it may be implemented and used as 
widely as conventional modems are today, but offers significantly greatw bandwidth than 
is currentiy attainable with such modems. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/20027 



PCT/US98/21442 



-37- 



CLAIMS 

1 . Apparatus for use in connection with a wireline data communication q^strai carrying 
data in a muhiplidty of dififa^ent frequency bands which may be present concurrently on 
the Ime, comprising 

A. means for detecting a signaling event associated with at least a first of said 

bands; 

B. means responsive to said detecting means for modifying the procesang of sig- 
nals transmitted over at least a second of said bands. 

2. Apparatus for use in connection with a wirdine data communication systm carrying 
data in a multiplicity of Cerent firequcfncy bands which may be present concurrently on 
the line and inchiding means responsive to a signal resultii^ from a disturbance event to 
modify the transmis^on of data over said line. 

3. Apparatus according to claim 2 in which said signal is a ccliccticn of PSK modulated 
tones. 

4. Apparatus according to claim 2 in which said disturbance event is an on-hook to off- 
hook tran^tion. 

5. Apparatus according to claim 2 in which said disturbance event is off-hook to on-hook 
transition 

6. Apparatus according to claim 2 in which said disturbance event is caused by a change 
in the crosstalk environment. 

7. >^paratus according to claim 2 in which said modification of transmission includes 
sending a sequence of reference firames. 

8. Apparatus according to claim 2 in which said modification of transmissionincludes en- 
tering a &st retrain mode. 
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9. Apparatus according to claim 1 in which said detecting means comprises 

(1) means for measuring, at a multiplicity of different times, a characteristic of 
a signal transmitted over said wireline 

(2) means for activating said modifying means when samples of the measured 
characteristics differ in a defined manner at selected different times. 

10. Apparatus according to claim 9 in which said measuring means measures the extent 
oiF errors in error-correcting cdde associated with the signals whose processing is to be 
modified and activates said modifying means only when the extent of said errors exceeds a 
defined threshold for at least a defined number of times. 

11. ^paratus according to claim 10 in which said measuring means activates said modi- 
fying means only when the number of errors in each said sample exceeds a defined numb^ 
in each of two or more samples. 

12. Apparatus according to claim 9 in which said measuring means measures a character- 
istic of signals transmitted over a plurality of different frequency bands and acti^-ates said 
modifying means only when the measured characteristic exceeds defined thresholds asso- 
ciated with each of said phirality of firequency bands. 

13. Apparatus according to claim 1 in which said wireline data communication system 
comprises a telephone subscriber loop carrying both voice and data signals, and in which 
said signaling event comprises an ofF-hook event. 

14. Apparatus according to claim 1 in ^ch said wireline data communication system 
comprises a telephone subsoib^ loop carrying both voice and data signals, and in wMch 
said signaling event comprises an on-hook event. 

15. Aj>paratu5 according to claim 14 which includes a firequency domain equalizer for 
equaliiing the frequency characteristics of each of said fi-equency bands in accordance 
with reference signals transmitted over said bands and in which said modifying means 
comprises means for changing the characteristics of said equalizers in accordance with 
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measurements on said refermce signals. 

16. Apparatus according to claim 9 in which said measuring means measures the signal- 
to-noise ratio of said reference signals and activates said modifying means only when said 
ratio is less than a defined threshold for at least a defined number of times 

17. ^paratus according to daim 9 in whidi said data communication system includes 
means for transmitting a pilot tone and in which said apparatus includes means for meas- 
uring at least one characteristic of said tone at diff^ent times and means for activating 
said modifying means only when sdd characteristics manifest changes exceeding a defined 
threshold for at least a defined number of times. 

18. Apparatus according to claim 9 whidi includes means for transmitting over said 
wir^e information back to a source of said information agnals, said means transmitting 
at a first power level in the absence of detection of a agnaling event, and transmitting at a 
different power level responsive to detection of a signaling event. 

19. ^^paratus according to claim 9 which includes a first set of stored parameters for use 
in processing said information when said system is in a mst state. 

20. Apparatus according to daim 19 which fijrther mcludes a second set of stored pa- 
rameters for procesang said information when said system switdies to a second state re- 
sponsive to detecting a signaling event. 

21. Apparatus according to claim 20 m whidi said second set is preconqnited. 

22. Apparatus according to claim 21 in which said second set is computed responsive to 
reference signals received on said subchannel subsequent to detection of a signaling event. 

23. Apparatus according to daim 21 in which said first and second sets are com 
initiating a communications session. 

24. Apparatus according to daim Imduding means for varying the data rate at wW 
said modifying meansprocesses said signals. 

25. In a modem communicating data over a multiplicity of discrete sub-subdiannds, each 
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characterized by a bit allocation parameter defining the allocation of bits to the corre- 
sponcfing subchannel for conununication over said subchannel, the improvement compris- 
ing: 

A. means for storing a first channel control table for allocating bits to said 
subchannel during a first communication condition; 

B. means defining a second channel control table for allocating bits to said 
table during a second conmniiucation condition; 

26. A modem according to claim 25 which includes a 

means for switching between said tables on the detection of a defined event 

27. A modem according to claim 25 in which said first table establishes the communica- 
tions capabilities of said modem during normal operation. 

28. A modem according to claim 27 in which said second table establishes the communi- 
cations a4>abilities of said modem during duninished operation. 

29. A modem according to daim 25 in which said defined event mcludes signaling events 
comprising transitions between on-hook and off-hook conditions. 

30. A modem according to clum 29 in which said first table defines communications in 
the absence of a signaling event. 

3 1 . A modem according to claim 30 in which said second table defines communications 
responsive to detection of a signaling event. 

32. A modem according to claim 3 1 in which said switching means switches firom said 
second table to said first table on detection of a signaling event indicative of cessation of a 
previously-detected signaling event. 

33. A modem according to chum 25 in ^ch said first and second tables are determined 
during an initialization session in which the conunumcation capabilities of said sub- 
subchannels are determined. 
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34. A modem according to claim 33 in which said first table is determined in the absence 
of interfi^g signaling conditions. 

35. A modem according to claim 34 in which said second table is detmnined as a func- 
tion of said first table. 

36. A modem according to claim 35 m which the bit allocations of said second table are 
determined as a percentage of the bit allocations of said first table. 

37. A modem according to claim 27 in whidi the bit allocations of second table are de- 
termined by adding noise margins to the determination of the bit allocations of the corre- 
sponding sub-subchannels of said first table. 

38. A modem according to claim 25 in which said second channel control table is deter- 
mined responsive to a plurality of ^gnaling events created by a corresponding plurality of 
event-generating sources, each defimng a channd control table spedfic to the given 
source, and comprises a composite table formed by selecting, for each sub-subchannel, the 
minimum bit aiiocauon for the corresponding sub-subchannel of the table associated with 
each of the plurality of sources. 

39. A modem according to claim 25 in which said second channel control table is selected 
from a phirality of tables determined respon^ve to a pluraUty of signaling events created 
by a corresponding phirality of evmt-generating sources, each defining a channel control 
table spedfic to the gy&i source. 

40. A modem according to claim 39 whidi indudes means for selecting one of said plu- 
rality of tables for use as said second table in accordance with the source generating an 
event. 

4 1 . A modem according to claim 25 which fiuther includes: 

C. means for redetermining said diannd control tables while said modem is in 
dther of said conrununication conditions; and 

D. means for communicating a redetermined table to a second modem en- 
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gaged in communication with said modem. 

42. A modem according to claim 41 in which said communicating means communicates 
said redetermined table over a dedicated sub-subchanndl selected from among said dis- 
crete sub-subchannels. 

43. A modem according to claim 41 in which said communicating means fiirther com- 
municates to said second modem information identifying the type of said redetermined 
table. 

44. A modem for use in asymmetric (fiptal subscriber loop communications having both 
upstream and downstream communication subchannels formed from a plurality of sub- 
subchannels, said loop adapted to carry both voice and data communications thereon, 
compri^g: 

A. means for storing a first table defining data communications between said 
modem^ and a second modem connected to said loop during a first communication state; 

B. means for storing a second table dsSring data communications between 
said modem and said second modem during a second communication state. 

45. A modem according to claun 44 tiiat includesmeans for switching between said tables 
re^ondve to the occurrence of selected evrats. , 

46. A modem for use in asymmetric digital subscriber loop communications having both 
upstream and downstream communication subchannels formed from a plurality of sub- 
subchannels, said loop adapted to carry both voice and data communications thereon, 
comprising: 

A. means for storing a first table defining data communications between said 
modem and a second modem connected to said loop during a first communication state; 

B. means for storing a second table defining data communications between 
said modem and said second modem during a second communication state; and 

C. means for selecting between said tables based on signals received from 
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10 said second modem. 

1 47. A modem accordmg to claim 44 which includes: 

2 D. means for detecting said selected events, said means including 

3 (1) means for monitoring a selected characteristic of at least one of 

4 said communication subchannels during a pluraliQr of communication intervals; 

5 (2) means for determining differences in the selected characteristic 

6 over said plurality of intervals; 

7 (3) means for generating a agnal initiating switching of said tables 

8 wbsR said differences exhibit a defined pattern. 

1 48. A modem according to claim 47 in which said pattern comprises an initial difference 

2 above a first threshold amount followed by at least a subsequent differences less than a 

3 second threshold amount. 

1 49. A modem according to claim 48 in which said first threshold is greater than said sec- 

2 ond threshold. 

1 50. A modem according to claim 49 in which said pattern comprises an imtial difference 

2 above a first threshold amount fbUowed by a plurality of subsequent (fiflferences less than 

3 a second threshold amount. 

1 51. A modem according to claim 48 in which said selected charactmstic is monitored 

2 over at least one sub-subchannel. 

1 52. A modem according to claim 48 in which said selected characteristic is momtored 

2 over a plurality of sub-subchannds. 

1 53. A modem according to daim 52 which includes means for avmging the monitored 

2 values of said selected characteristic over said sub-subchannels for use in comparing said 

3 initial diffemce to said first threshold. 

1 54. A modem according to claim 52 which includes means for averaging the monitored 
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2 values of said selected characteristic over said sub-subchannels for use in conqiaring said 

3 subsequent difiference to sdid second threshold. 

1 55. A modem according to claim 49 in which said characteristic comprises an error code 

2 error. 

1 56. A modem according to claim 49 in which said characteristic comprises a signal-to- 

2 noise ratio. 

1 57. A modem according to daim in which said charaaeristic conu)rises a parameter of a 

2 pilot tone. 

1 58. A modem according to claim 44 in which said first table establishes a data rate 

2 greater than that of said second table. 

1 59. A modem accorcfing to claim 58 in which said tables define the number of bits 

2 transmitted over the respective sub-subchannels. 

1 60. A modem according to claim 59 in which said events comprise signaling events se- 

2 iected firom the group compriang oflf-hook, on-hook, ringing, and busy. 

1 61. A modem according to claim 47 in which smd switching means returns said modem 

2 to said first communication state on termination of the event causing the switching. 

1 62. A modem according to claim 44 which includes: 

2 D. means for emitting into said loop a test signal for probing the return char- 

3 acteristics of transmissions into the loop by said modem; and 

4 E. means for limiting the power level of said transmissions in accordance with 
3 the measured return characteristics. 

1 63. A modem according to claim 62 in which said probe comprises a tone at a defined 

2 amplitude and firequency and in which the measured return characteristics comprise at 

3 least one characteristic selected fi-om the group comprising the amplitude and firequency 

4 of the signal returned to said modem in response to emission of said tone. 
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64. A modem according to claim 62 in which said probe comprises a plurality of tones at 
d^ned amplitudes and frequencies and in which the measured return characteristics com- 
prise at least one characteristic selected from the group comprising the amplitudes and 
frequendes of the signal returned to said modem in response to emission of said tone. 

65. A modem according to claim 44 which includes equalizers for equaliadng the trans- 
mission characteristics of said subchannels and in vdiich said tables define:; 

(1) coefficients of time domain equalizers or 

(2) coefficients of frequency domain equalizers or 

(3) coeffidents of digital echo cancellers 

66. A modem according to claim 44 in which said first table is determined during an ini- 
tialization process in the absence of a selected event. 

67. A modem according to claim 66 in which said second table is determined during an 
initialization process in the presence of a selected event. 

68. A modem according to claim 67 in which said second table is redetermined respon- 
sive to occurrence of a selected event. 

69. A modem according to claim 68 in which redetermined tables are commimicated from 
a giv«i modem to other modems with which it is in communication during a quiescent 
state. 

70. A modem according to daim 47 in which said generating means causes transnussion 
of a switch-control signal over one of said sub-subchannels in response to detection of a 
selected event. 

71. A modem according to daim 47 in vdiidi said generating means causes transmission 
of a tone in response to detection of a selected event. 

72. Apparatus for use in communicating digital data over a digital subscriber line concur- 
rent with voice communications over said line, comprising: 
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A. a transceiv^ for conuminicating digital data to and from said line; 

B. a first storage element for storing a first set of conununication parameters for 
use in communicating data under a first communication condition; and 

C. a second storage element for storing a second set of communication parame- 
ters for use in communicating data under a second conmiunication condition. 

73. Apparatus according to daim 72 including a means for monitoring communication 
conditions on said line and for switching between said first and second sets of conununi- 
cation parameters responsive to changes between said communication conditions. 

74. Apparatus according to claim 72 including means responsive to signals coimnimi- 
cated to it to switch between said sets of communicaton parameters. 

75. Apparatus according to claim 72 which communicates said data over a plurality of 
subchannel's of Cerent firequmcy and at least potentially diflferent information-carrying 
capacity and in whidi said communication parameters comprise at least a chaimel control 
table defining the numb^ of bits io be allocated to the subchannels for communications 
under the respective conditions. 

76. Apparatus according to claim 72 whidi comnmnicates said data over a plurality of 
subchannels of different firequency and at least potentially different information-carrying 
capadty and in which said communication parameters comprise subchannel gain tables 
defining the gain characteristics of the subchannels for communications under tiie respec- 
tive conations. 

77. Apparatus according to claim 72 which communicates said data over a plurality of 
subchannels of different frequency and at least potentially different information-carrying 
capacity and in which said communication parameters comprise frequency domain equal- 
izers defining the frequency charact^stics of the subcharmels for communications under 
the respective conditions. 

78. Apparatus according to claim 72 in which both sets of communication parameters are 
determined during an initialization int^vai preceding communication of woridng data. 
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79. Apparatus according to claim 72 in which said first set of communication parameters 
is detennined during an initialization interval preceding communication of working data 
and said second set of parameters is determined during a subsequent interval following 
communication of working data and characterized by said second communications condi- 
tions. 

80. ^paratus according to daim 79 in which said second set of communication parame- 
ters is detennined at a first transceiv^ of a transcdver pair in commumcation with each 
other and is communicated to a second transcdver in said pair during a time when said 
transceivers are operating with an eariier set of set of secondary parameters. 

81. Apparatus according to daim 80 in which said transceivers revert to said first set of 
communications paramet^ s responsive to return of communications to a first communi- 
cations condition. 

82. Apparatus according to daim 72 which includes means for signaling between said 
transceivers a desired change in communications parameters. 

83. ^paratus according to daim 82 in which said signaling means comprises means for 
transmitting messages over one or more subcharmels. 

84. Apparatus according to claim 82 in which said signaling means comprises means for 
transmitting messages over one or more subchannds intermediate subdiannds used for 
upstream and downstream comnmnications. 

85. Apparatus according to claim 83 in which said messages comprise tones. 

86. Apparatus accorcUng to daim 72 in whidi said transcdver transnuts and receives data 
over a defined number of subcharmels and which includes means for identifying the sub- 
channds ovec which said transceivers will commurucate with each other. 

87. Apparatus according to claim 86 in which said identifying means includes means for 
nulling at least those portions of the stored sets of conmiimications parameters that define 
the bit capadty of the subchanels that are bdng excluded firom communications. 
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88. Apparatus according to claim 72 in which said second set of parameters includes 
communication parameters corresponding to a plurality of devices connected for voice 
commimications over said line. 

89. Apparatus according to claim 80 in which said second set of parameters includes a 
plurality of subsets of conmiunications parameters characteristic of a correspondmg plu- 
rality of voice communication devices for defining commimications when a selected de- 
vice is active. 

90. Apparatus according to claim 89 inchiding means for identifying which of said plural- 
ity of devices is active and for sdecting the corresponding communications parameter set 
for such device. 

91. Apparatus according to claim 90 in which said identifying means includes signaling 
means interconnecting said voice communication devices to said transceiver. 

92. In a communication system using discrete miiltitone modulation, the improvement 
comprising storing a first chsnnd control tab!« for use in defining commumcations under 
a first communication state and storing at least a second channel control table for com- 
mimication under a second communication state. 

93. A modem for use in synmietric or asymmetric digital subscriber loop conmiunica- 
tions ha^ng both upstream and downstream communication subchannels formed firom a 
plurality of sub-subchannek, compri^ng: 

A. means for storing a first table defining data communications between said 
modOTi and a second modem connected to said loop during a first conmmnication state; 

B . means for storing a second table defining data communications between 
said modem and said second modm during a second conmnaucation state: 

94. A modem accordmg to daim 93 that indudes means for switching between said te^ 
bles responsive to the occurrence of sdected events. 

95. A modem according to claim 94 in which said selected event includes a transition 
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from on-hook to ofT-hook. 

96. A modem according to claim 94 in which said selected event includes a transition 
from off-hook to on-hook. 

97. A modem according to claim 94 in which said selected event includes a change in the 
crosstalk environment. 

98. A modem according to claim 93 that includes means for switching between said ta- 
bles based upon reception of a signal from a rraiote modem. 

99. A modem according to claim 98 m which said signal includes a message. 

100. A modem according to claim 98 in vHhich said signal includes a tone or set of tones. 

101. A modem according to claim 98 in which said signal includes a flag. 

102. A modem according to claim 93 that includes means for switching between said ta- 
bles at a time that dq>ends upon a frame counts. 

103 . A modem according to claim 93 that indudes means for switching beiwWi said ta- 
bles at a time that depoids upon a flag. 

104. A multicarrier modem for use in symmetric or asymmetric digital subscriber loop 
communications having both upstream and downstream communication subchannels 
formed from a pluraUty of subchannels that includes a means to select the number of said 
subchannels that are to be used for communications based upon a signal from a remote 
modem. 

105. A modem according to claim 104 in which said signal is received prior to initializa- 
tion of modem. 

106. A modem according to claim 104 in which said signal is a message dictating how 
many subdiannels are to be used. 

107. A modem according to claim 104 in which said signal is a message selecting one of 
a collection of candidate subchannel selections. 
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los. A modem according to claiiii 104 in which said signal is a tone or coUection of tones 
selecting one of a coUection of candidate subdiannel selections. 

109. A multicanier modem for use in symmetric or asymmetric digital subscriber loop 
communications having both upstream and downstream commuirication subchannels 
formed from a plurality of subchannels that includes a means to signal to a remote modem 
the number of said subchannels that are to be used for communications. 

1 10. A modem according tp daim 109 in which said signal is transmitted prior to initiaU- 
zadon of modem. 

111. A modem according to claim 109 in which said signal is a message dictating how 
many subchannels are to be used. 

1 12. A modem according to daim 109 in whidi said agnal is a message sdecting one of 
a collection of candidate subdiannd sdections. 

113. A modem according to claim 109 in which said signal is a tone or coUection of tones 
sdecting one of a coUection of candidate subduumd sdections. 

114. A muWcairier modem for use in symmetric or asymmetric digital subscriber loop 
communications having both upstream and downstream communication subchannds 
foimed from a plurality of subchannds, comprising of a means to limit the number of 
transmission subchannds in order to communicate with a remote modem that is only ca- 
pable of recdving the Umited frequency band. 

1 15. A multicarrier modem for use in symmetric or asymmetric digital subscriber loop 
communications having both upstream and downstream communication subchannds 
foimed from a plundity of subchannds. comprising of a means to limit the number of re- 
cover subchannds in order to communicate witii a remote modem that is only capable of 
transmitting the Umited frequency band. 

1 16. A multicarrier modem tiiat for use in symmetric or asymmetric digital subscriber 
loop communications having botii upstream and downstream communication subchannds 
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3 foimed fiom a plurality of subchannels, comprising of a means to determine the location 

4 of a tdephone that would benefit firom the use of a low pass filter. 

1 1 17. A multicarrier modem according to claim 1 16 in which said determination means 

2 includes monitoring the signal to noise ratio when said telephone goes off-hook. 

1 118. A multicarrier modem according to daim 1 16 in which said det^mination means 

2 includes moiutoring the echo response of the transmitted signal when sdd telephone goes 

3 off-hook. 

1 1 19. In a modem communicating data over a wireline via a multiplicity of discrete sub- 

2 channels in accordance with a bit-loading spedfication defining the allocation of bits to 

3 the corresponding subchannd for communication thereon, the improvement comprising: 

4 A irst means for storing a primary bit allocation table for allocating said bits during 

5 a first communication condition; and 

6 B. second means for storing a secondary bit allocation table for allocating said 

7 bits during a saccnd communication condition. 

1 120. A modem according to claim 119 which includes means for switching between bit 

2 allocation sets defined by said tables. 

1 121. A modem according to claim 120 in which said switching means is actuated respon- 

2 sive to at least one of the events comprising receipt of a message, a tone, or a flag firom a 

3 remote modrai. 

1 122. A modem acconimg to daim 121 in whidi switching means indudestiieiise of a 

2 fiame counter to designate when said switch is to occur. 

1 123. A modem according to claim 1 19 in which said primary bit allocation table defines 

2 communications in the absence of a disturbance event, and in which said secondary bit 

3 allocation table defines communications in response to said disturbance event. 

1 124. A modem according to claim 123 in which said secondary bit aUocation table defines 

2 communications over said subchannels for times whoti smd subchannds are affected by 
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voice communication activities. 

125. A modem according to claim 124 in which said secondary bit aUocation table defines 
communications over said subchannels for times when said subchanneb are afifected by 
voice communication devices that have entered the oflf-hook state. 

126. A modem according to claim 124 in which said primary bit allocation table defines 
communications ova" said subchannels for times when said subchannels are aflFected by 
voice communication devices that have returned firom an off-hook state. 

127. A modem according to claim 1 19 in which said primary table is determined in a pre- 
liminary training session m which potentially interfering voice communication devices 
connected to the line are inactive. 

128. A modem according to claim 1 19 in which said primary table is determined in the 
absence of disturbance events. 

129. A modem accordir\g to claim 119 in which said primary bit allocation table is de- 
termined in advance of instdlaticn of said modem. 

130. A mod«n according to claim 1 19 in which said secondary table is determined in an 
initial training session based on measurements of communications over said wirelme. 

13 1. A modem according to claim 1 19 in which said secondary table is determined in ini- 
tial training sessions based on measurements of communications over said wireline with 
potentially interfering voice conununication devices connected to tiie line selectively acti- 
vated to tiiereby form a secondary table comprising a pluraUty of bit allocation sets corre- 
sponding to the plurality of activated devices. 

132. A modem according to claim 13 1 in which said devices are activated one by one so 
that each bit allocation set corresponds to a angle device. 

133. A modem according to claim 13 1 in which said devices are activated in groups of 
two or more so that each bit allocation set corresponds to one of said groups. 

134. A modem according to claim 1 19 in which said secondary bit allocation table is de- 
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tennined from said primary bit allocatioti table. 

135. A modem according to claim 1 19 in which the bit allocations of said secondary table 
are detwmined as a pMcentage of the bit allocations of said primary table. 

136. A modem according to daim 119 in which the bit aUocations of said secondary table 
are determined based on a percentage of the signal to noise ratios on which the bit alloca- 
tions of said primary table are determined. 

137. A modem according to claim 1 19 in which the bit aUocations of said secondary table 
are detemiined based on infomation defining said primary table but using a different bit 
error rate 

138. A modem according to claim 1 19 in which said secondary bit allocation table is 
formed as a composite of the bit loading sets of a multipUcity of voice communication 
devices and/or disturbances. 

139 A modem according to claim 119 in which the bit allocation vahie for each subchan- 
nel in said composite is the worst-case value for the corresponding subchannel m the bit 
allocation sets dining said devices and/or disturbances. 

140. A modem according to claim 1 19 in which said secondary bit allocation table is de- 
tenmned by adding a power margin to the calculations for the respective entries of the 
primary table. 

141 . A modem according to claim 1 19 in which said secondary table comprises a set of 
bit aUocation tables defining the bit allocations for a corresponding set of devices that may 
be coimected to said wireline. 

142. A modem according to claim 1 19 in which said secondary table comprises a set of 
bit allocation tables defining the bit aUocations for a corresponding set of disturi)ances on 
saidwirdine. 

143. A modem according to chum 1 19 in which said secondary table comprises a set of 
bit allocation tables defining the bit aUocations for a corresponding set of devices and 
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disturbances on said vnreline. 

144. A modem according to claim 1 19 in which a plurality of secondary bit allocation 
tables are determined by adding a corresponding plurality of power margins to the calcu- 
lations for the respective entries of the primary table, each secondary table so determined 
corresponding to a (Ufferent communications state. 

145. A modem according to claim 1 19 in which said power mar^n is substantially uni- 
form across the entries of a table. 

146. A modem according to claim 1 19 in which said power margin varies across the en- 
tries of a table. 

147. A modem according to claim 1 19 configured to switch to a secondary state corrc- 
sponding to use of said secondary bit allocation table for communications responsive to 
occurrence of a disturbance event. 

148. A modem according to claim 147 configured to swtch to a primary state corre- 
sponding to use of said pnmary hit allocation table for communications responsive to ces- 
sation of a disturbance event 

149. A modem according to claim 147 configured to switch to a different secondary state 
corresponding to use of a cfiflB^rat set of bit allocations in said secondary bit aUocation 
table for communications responsive to occurrence of a fiirther disturbance event, differ- 
ent from a disturbance event preceding it, while said modem is in said secondary state. 

150. A modem according to claim 1 19 in which said switchmg means indudes means re- 
sponsive to a disturbance event to thereby initiate a switch between said tables. 

151. A modem according to claim 150 wKch inchides a agnaling line connecting a de- 
vice to said modem for agnaling to said modem the occurrence of a disturbance event. 

152. A modem according to daim 150 which includes means for detecting a disturbance 
event on said line. 

1 53 . A modem according to claim 152 in which said detecting means includes means for 
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monitoring the signal to noise ratios on one or more subchannels of said line and means 
responsive to said ratios for selecting a bit allocation set for use in commuiucations. 

154. A modem according to claim 152 in which said detecting means includes means for 
monitoring a parameter of a tone or collection of tones and means responsive to said pa- 
rameter for selecting a bit allocation set for use in communications. 

155. A modem according to claim 152 in which said parameter includes the amplitude 
and/or phase of said tone or tones. 

156. In a modem communicating data over a wireline via a multiplicity of discrete sub- 
channels in accordance with a gain specification defining the allocation of gains to the cor- 
responding subchannel for communication thereon, the improvement comprising: 

A. first means for storing a primary gain set for allocating said gains during a first 
communication condition; and 

B. second means for storing a secondary gain set for allocating said gains during a 
second communication condition. 

157. A modem according to claim 156 wMch includes means for switching between said 
gain sets. 

158. A modem according to claim 157 in which said switching means is actuated respon- 
sive to at least one of the events comprising receipt of a message, a tone, or a flag firom a 
remote modem. 

159. A modem according to daim 157 in which said switching means is actuated respon- 
sive to its detection of a disturbance event. 

160. A discrete multitone modem including a transmitter for communicating to a remote 
receiver at one of a plurality of power levels associated with particular conmiunication 
conditions on a digital subscriber line, comprising 

A. means for monitoring at least one parameter indicative of communication 
conditions on said line; 
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B. means depaideitt on said parameter for selecting the power levd at which said 
modem either transmits, or recdves, data or both. 

161. A discrete multitone modem including a transmitter for communicating to a remote 
receiver at one of a plurality of power levels associated with particular communication 
conditions on a digital subscriber line and adapted to receive a power select signal indicat- 
ing a power level to be used for subsequent transmissions. 

162. A (fiscrete multitone modem according to claim 160 which includes means for 
communicating to another mojilem with which it communicates a power select rignal indi- 
cating a power levd to be used for subsequent transmisaons. 

163 A discrete multitone modem according to claim 160 which includes means for receiv- 
ing from another modem with which it communicates a power select signal indicating a 
power levd to be used for subsequent transmissions. 

164 A discrete multitone modem according to claim 160 m which said power select sig- 
nal identifies a specific power level at which said other modem is to recdve data from it. 

165. A discrete multitone modem according to claim 162 in which said power seiea sig- 
nal identifies a specific power levd at which ssid other modem is to transmit data to it. 

166. A discrete multitone modem according to either of claims 164 or 165in which said 
discrete power levd comprises one of several predefined power levels for communication 
between said modems. 

167. A discrete multitone modem according to claim 162 in which the means for com- 
municating said power select signal includes means for transmitting said signal over at 
least one subchannd intermediate an upstream and a downstream set of data subchannels 
over which said modem communicates. 

168. A discrete multitone modem acconling to claim 167 which the means for communi- 
cating said power sdect signal indudes means for tranmiitting said signal over one or 
more data subchannels over which said modem communicates. 
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169. A discrete multitone modem according to claim 160 which inchides a plurality of 
parameter sets stored in said modem and dining communications under a plurality of 
different communication conditions on said line. 

170. A discrete multhone modon according to daim 169 in which said parameter sets 
include at least a primary s^ of parameters for controlling communications in the absence 
of a distuibance event, and a secondary set for controlling communications responsive to 
a distuibance event. 

171. A discrete multitone modem according to daim 169 in which said monitoring means 
monitors the ^gnal to noise ratio on one or more subchannels over which said modon 
communicates and sdects a param^er set based on said ratio for controlling subsequrat 
commumcations. 

172. A discrete multitone modem according to claim 169 in which said parameter sets 
mclude a set of parameters defining the pawet levd at which said modem transmits to 
other modems. 

173. A discrete multitone modem accorfng to 169 in v/bick said parameter sets indude a 
s^ of parameters defining tiie power levd at v^jich said modem recdves communications 
fiom other modems. 

174. A discrete muhitone modem according to daim 173 in which said modem includes 
means for transmitting to anotiier modem witii which it is in communication a signal indi- 
cating a parameter set to be used in subsequent commumcations between said modems. 

175. A discrete multitone modem according to claim 172 in which said modem indudes 
means for receiving from anotiier modem with which it is in communication a signal indi- 
cating a parameter set to be used in subsequent communications between said modems. 

176. A discrete multitone modem according to daim 160 in which said modem commu- 
nicates to anotiier modem a desired power levd by itself changing tixe power levd at 
y/tich it communicates with said other modem. 
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177. A discrete multitone modem including a transmitter for communicating to a remote 
recdver at one of a plurality of power levels associated with particular conmiunication 
conditions on a digital subscriber line and storing a plurality of sets of channel control pa- 
rameters corresponding to said power levels, comprising 

A. means responave to a disturbance event to select a power level at wMch said 
transmitter transmits to said receiver; and 

B. means for communicating the selected power level to said receiver. 

178. A discrete multitone modem including a transmitter for communicatuig to a remote 
receiver at one of a plurality of power levels associated with particular conmiunication 
conditions on a digital subscriber line and storing a plurality of sets of channel control pa- 
rameters corresponding to said power levels and ad^ted to receive a power select signal 
indicating a power level to be used for subsequent transmissions. 

179. A discrete multitone modem according to claim 177 in which the means for com- 
municating the change in power level transmits a power power select signal to the remote 
receiver indicative of the change in power level. 

180. A discrete multitone modem according to claim 179 in which the transmitting means 
transmits a tone incficating the desired change in power level to the remote recdver. 

181. A discrete multitone modem according to clmm 179 in which the transmitting means 
transmits a plurality of tones indicating the desired change in power level to the remote 
receiver. 

182. A discrete muhitone modem according to daim 181 inwhichthepluraUty of tones 
designates a particular one of several power levds to which the remote receiver is to 
switch. 

183. A discrete multitone modem according to daim 179 in which the means for com- 
municating the change in power levd designates a particular one of scverd power levds 
to which the remote recdver is to switch. 
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184. A discrete multitone modem according to claim 179 in wMch the means for com- 
municating the change in power level to the remote receiver includes means for transmit- 
ting a power power select signal over at least one subchannel intermediate an upstream 
and a downstream set of data subchannels over which said modem communicates. 

185. A discrete multitone modem according to claim 177 in which the means for com- 
municating the change in power level to the remote recdver comprises 

(1) means assodated with the transmitter for eflfectuating the change in power 
level at said transmhter, 

(2) means in the remote receiver responsive to the change in power level at the 
transmitter for changing the power level of its reception in accordance therewith. 

186. A disCTCte multitone modem according to daim 177 in which the means for com- 
municating the change in power level to the remote recdver transmits to the remote re- 
cdver a frame count at which the remote receiver is to effectuate the change in power 
levci. 

187. A discrete multitone modem according to claim 178 in which the means for receiv- 
ing the paw& sdect signal inlcudes a frame count at which said modem is to effectuate 
the change in power ievd. 

188. A discrete multitone modem according to claim 177 induding a recdver responave 
to communication of a power levd change from a remote transmitter to therday: 

(1) measure at least one parameter indicative of commimication conditions on 
sdd line respondve to sdd power levd change, and 

(2) select new chaimel control parameters from a plurality of sets of prestored 
channel control parameters based on sdd measurmient. 

189. A discrete multitone modem according to daim 188 which said at least one parame 
ter comprises a signd to noise ratio of communications over sdd line. 
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190. A discrete multitone modem according to claim 188 whidi said at least one parame- 
ter comprises a characteristic of a monitor tone transmited over said line. 

191. A discrete multitone modem according to claim 188 wMch said characteristic com- 
prises at least the amplitude of said tone. 

192. A discrete multitone modem according to claim 188 which said characteristic com- 
prises at least the phase of said tone. 

193. A discrete multitone modem according to claim 188 which sdid characteristic com- 
prises at least the frequency of said tone. 

194. A (tiscrete multitone modm accor<fing to claim 189 in which said tone is transmit- 
ted ovw- over at least one subchannel intermediate an upstream and a downstream s^ of 

I data subchannels over which said modem communicates. 

L 195. A discrete multitone modem according to claim 189 in which said agnal to noise 
I ratio is based on measurements of refwence frames transmitted over said line. 

I 196. A discrete multitone modem according to chum 26 in which said signal to noise ra- 

i tio is based on measurements of data transmitted over said line. 

1 197. A discrete multitone modem accordmg to daun 177 m which the means responsive 

2 to a distuibance event comprises means for measuring at least one characteristic of said 
J line indicative of communications on said line and for selecting a power level responsive 
4 to said measurement 

1 198. A discrete multitone modem according to claim 197 in which said characteristic 

2 comprises CaiC errora and in which said measuring means signals a change in power level 

3 when said CRC eirora exceed a defined tiireshold on a selected pluraUty of successive 

4 measurements thereof. 

1 199. A discrete multitone modem according to claim 197 m which said characteristic 

2 comprises forward error correction coefficients and in which said measuring means signals 

3 a change in power level when the number of errors exceeds a defined threshold. 
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200. A discrete multitone modem according to claim 199 in which said measuring means 
signals a change in power level when the number of uncorrected errors exceeds a defined 
threshold. 

201. A discrete multitone modem according to claim 199 in which the means fi)r com- 
municating the change in power level designates a single alternative power level to 
which the remote recover is to switdi. 

202. A discrete multitone modem according to daim 177 which includes means in said 
modon for at least one parameter indicative of communication 

203. A method of transmitting data over a wire line through upstream and downstream 
channels, respectively, from first and second pluraUties of discrete-frequency subchannels, 
compriang the steps of: 

A. storing at least first and second parameter sets defining data communications 
over said diannels under at least two cUfferent conmmnication conditions; 

B. selecting a parameter set for use in commumcations in accofuwice with the 
prevailing communication condition. 

204. The method of claim 203 in which said selecting step includes tiie step of monitoring 
communications on said Une and transmitting and selecting said parameter set in accor- 
dance with said monitoring. 

205. The method of daim 204 in which said monitoring step indudes tiie step of measur- 
ing at least one communication indidum on said at least one subchanneL 

206. The metiiod of daim 205 in which said at least one indicium is selected from the 
group comprising signal to noise ratios, error rates, and tiie ampUtude and frequency of 
tcmes. 

207. The metiiod of claims 203 or 206 which indudes tiie step of transnatting over said 
line a signal that idaitifies the parameter set to be sdected. 
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208. The method of claims 203 or 206 which includes the step of receiving over said line 
a signal that identifies the parameter set to be selected. 

209. The method of daim 207 in winch said agnal is transmitted on a subchannel inter- 
mediate said upstream and downstream diannels. 

210. The method of daim 208 in wWdi sud signal is recdved on a subchannel interme- 
diate said upstream and downstream channels. 

211. The method of daims 203, 206 or 207 in which said first parameter set defines 
communications over said Une in the absence of a disturbance event and said second pa- 
rameter set defines communications over said line in the presence of a disturbance event. 

212. The method of daims 203 or 211 in ^ch said parameter sets include at least one 
parameter set from the group comprisii^ subdiannd bit allocations subcahnd gains. 

213. The method of daims 203 or 21 1 in which said parameter sets include at least one 
parameter set fit)m the group coiiq>iiang subchannel frequoicy domain coeffidents, time 
domain coefiBdents, and echo cancellation coeffidents. 

214. The method of claims 212 or 213 in which said parameter sets indude a first section 
for use in transmitting data over said line and a second portion for receiving data over said 
line. 

215. A metiiodoftransmitting data over a wire line tiirough upstream and downstream 
diannds, respectivdy. from first and second phiralities of discrete-frequency subchannds, 
compriang the steps of: 

A. ngnaling over said line to a remote receiver the intention to transmit data over 
said line at a selected one of a phirality of fM^defined power levds; 

B. transmitting data over said line at said sdected power levd 

216. The method of claims 214 or 219 which indudes tiie step of monitoring communi- 
cations conditions on said line and sdecting said power levd in accordance tiierewitii. 
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217. The method of claims 215 or 219 in which the step of selecting said power level in- 
cludes the step of selecting a first power level in response to detecting the absence of a 
disturbance event and selecting a second power level in response to detecting the pres- 
ence of a disturbance event. 

218. The method f chum 217 in which said second power level is selected from a group 
of at least two power levels. 

219. A method of transnutting data over a wire fine through upstream and downstream 
channels, respectively, from first and second pluralities of discrete-frequency subchannels, 
compri^g the steps of: 

A. signaling to a remote receiver at one of a plurality of power levels; 

B. recdving a signal from a recdver that deternunes said power levds. 

220. The method of chum 219 in which said power levels are selected from a plurality of 
predetermined power levels having corresponding pre-stored parameter sets. 

221. The method of claim 219 in which said power levels are received via said signal 
from said remote receiver. 

222. The method ofclaim 219 in wWch said signal inchides at least one signal select 
from the group conq>riaiig a message, a tone, a collection of tones, or a flag. 
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